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HE PANAMA CanaL.—Now that the 
report of the International Board of 
Consulting Engineers forthe Panama 
Canal has been made public, en- 

gineers have an opportunity of considering 
the respective merits of the sea-level scheme 
recommended by the majority, and the 
85 ft. summit level project favoured by the 
minority of the board. Moreover, the 
United States Congress will soon have to 
decide once for all the great controversy 
which has raged around the Isthmian Canal 
question for so many years. The problem 
does not appear to be devoid of political 
factors, and the letter of the President 
accompanying the documents submitted to 
Congress distinctly confirms this impres- 
sion. At present, it is not improbable that 
the reference of the matter to an expert 
commission will turn out to have been 
nothing more than an elaborate farce. 
This commission, appointed in September 
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last, included eight eminent American en- 
gineers, and five equally eminent foreign 
engineers, of whom four were nominated 
by the British, French, German, and Nether- 
lands Governments, respectively, and the 
fifth was the consulting engineer to the 
Suez Canal. In the words of Mr. Roose- 
velt, these gentlemen were appointed 
because, in his judgment, they were 
‘‘especially fit to serve as advisors in 
planning the greatest engineering work the 
world has ever seen.” After prolonged 
study, the board has decided in favour of 
a sea-level canal by a majority of eight to 
five, thereby confirming the recommenda- 
tion of the former commission. This de- 
cision does not appear to fall in with 
Mr. Roosevelt’s wishes, and he now urges 
upon Congress the desirability of disregard- 
ing it, and of approving the lock canal 
recommended by the minority. If the idea 
of the President--like that once attributed 
to the British workman by Mr. Punch—was 
to accept the award of the arbitrators only 
in the event of its turning out to be in 
accordance with his own views, a good deal 
of unnecessary expense and trouble might 
have been saved. One of our American 
contemporaries considers it to be singularly 
unfortunate that the line between the 
foreign and American engineers should 
have been so distinctly drawn in the 
President’s letter, and adds that “it is not 
too much to say that the fact of five out of 
eight of the majority of the Consulting 
Board being foreign engineers appears to 
destroy the weight of their judgment in the 
view of the President.” ‘It certainly is a 
most unfortunate thing that at the most 
important juncture of this momentous issue 
the highest official of the American Govern- 
ment should lay himself open to the imputa- 
tion of being so influenced by national 
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prejudice as to induce the attempt to secure 
the rejection of the conscientious award 
made by the experts he himself appointed. 
Of course, this is a matter which chiefly 
concerns the American nation, but it is to 
be hoped that members of Congress will 
consider the whole question in a cool, un- 
prejudiced, and statesmanlike manner when 
it comes before them for final disposal. So 
far as the work of construction is concerned, 
the sea-level project would cost much more 
than the proposed lock canal, the estimates 
being about £51,500,000 and £29,200,000, 
respectively. The large difference of 
£22,300,000 obviously deserves considera- 
tion, and so also does the additional. period 
of time required for the realisation of the 
larger scheme. At the same time, it must 
not be forgotten that the American nation 
are now confronted with the accomplish- 
ment of a work that ought to provide in a 
permanent manner for all time and under 
the best conditions possible for the safe and 
uninterrupted navigation of the largest 
vessels that are likely to be built. The 
idea formerly held by advocates of the lock 
canal was that it could be reduced to a 
sea-level waterway at a later date. Such 
transformation is now characterised as 
impracticable, and if the lock canal should 
be made it cannot fulfil the condition of 
permanently providing for future navigation 
without most costly alterations. On the 
other hand, the comparative ease and 
economy of enlarging the section of a sea- 
level canal is demonstrated‘ by the extensive 
operations of the kind already carried out 
on the Suez and Manchester ship canals. 
With regard to navigation, it should be 
noted that locks of the enormous dimen- 
sions, and controlling the great differences 
of level here necessary, involve risks which 
have led the majority of the consulting 
engineers to the conclusion that the lock 
canal would be so unsafe as to be altogether 
beyond the limit of prudent design for safe 
operation and administrative efficiency. 
The risk of possible disaster, the conse- 
quences of which are beyond the limits of 
reasonable computation, would be much 
increased in an international waterway 
traversed by many vessels under the con- 
trol of officers and crews unfamiliar with 
the features of the lock and canal service. 
No one can doubt that locks in themselves 
cause substantial obstruction to navigation. 
This is the main, if not the only, objection 
urged against the proposed Thames barrage, 
and it is impossible to see how the inter- 
oceanic commerce of the world could be 
passed through a series of six duplicate 
locks, which, owing to the height of lift 
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and their great dimensions, could not be 
operated more than about ten times daily. 
The working of large locks is a costly 
operation, and after allowing for mainten- 
ance, the Panama locks would probably 
mean an expenditure of about £110,000 a 
year, which, capitalised at 3 per cent., would 
increase the estimated cost of the lock 
canal by some £3,300,000. Of course, there 
must be one lock at Panama in the sea-level 
scheme for regulating purposes, but such a 
lock would cause far less obstruction to 
navigation than a series of six locks of 
considerable lift, and moreover it could be 
duplicated with comparatively little trouble 
and expense. Experience on the Sault 
Ste. Marie Canal shows that perpetual lock 
reconstruction has been necessary owing 
to the growth of tonnage which has charac- 
terised the past history of that waterway. 
If similar operations should have to be con- 
ducted in connection with the Panama 
Canal, it is difficult to say what the ultimate 
cost of the lock scheme might be. Looking 
at all the facts in an impartial way, it seems 
to us that the American nation will be wise 
in avoiding anything in the nature of a 
makeshift, and having submitted the entire 
question to an independent board of experts, 
combining the best knowledge and experi- 
ence of the world, they will be wise in 
accepting the recommendation of that body 
in favour of a sea-level canal. 





THE Roya CoMMISSION ON CANALS AND 
WatTERways.—The new Government must 
be congratulated upon the constitution and 
general scope of the Royal Commission on 
Canals and Waterways. That the Com- 
mission has been formed with a direct 
view to business must be perfectly evident 
from the names of the members, who re- 
present practically all classes interested in 
the vital question of inland navigation. 
The terms of the reference are comprehen- 
sive, inviting inquiry (1) into the present 
condition and financial position of the 
canals and inland navigation of the United 
Kingdom; (2) the causes which have 
operated to prevent improvements by 
private enterprise, and whether such causes 
are removable by legislation; (3) the facili- 
ties, improvements, and extensions desirable 
to complete a system of through communi- 
cation between centres of commercial, 
industrial, or agricultural importance, and 
between such centres -and the sea; (4) the 
prospect of benefit to the trade of the 
country compatible with a reasonable 
return on the probable cost; (5) the ex- 
pediency of canals being made or acquired 
by public bodies or trusts and the methods 























by which funds for the purpose could be 
obtained and secured, and what should be 
the system of control and management of 
such bodies or trusts. Very little inquiry 
is needed to demonstrate the lamentable 
condition of most British canals, but 
statistics relative to this point will pro- 
bably throw light upon item (4), because 
there still remain several canals which are 
in a prosperous condition and whose history 
should do much to give confidence in the 
possibilities of this means of transport. As 
to the causes of decadence, we fear that 
Parliament and the public have been as 
culpable in the past as railway companies. 
Parliament may be blamed for permitting 
the companies to acquire canals for the 
purpose of rendering individual lengths 
useless and of destroying connections be- 
tween different parts of the system, and 
the public may be blamed for readily losing 
faith in water transport when railways first 
became thoroughly established. Now that 
cauals and other navigable waterways have 
been broken up into more or less isolated 
units the incentive to private enterprise has 
been taken away, for it is not reasonable to 
hope that detached canal routes will pay 
except in specially favourable districts. In 
the third item of the reference we have the 
nucleus around which a great mass of sug- 
gestions will doubtless form. From the 
technical standpoint this is the most im- 
portant clause of all. Upon it the best 
expert opinion will be invited, and steps will 
probably be taken to collate the most salient 
information as to the inimitable canal 
systems of France, Germany, Holland and 
Belgium. Since France awoke, thirty-five 
years ago, to the immense possibilities 
of her undeveloped waterways nearly 
£100,000,000 has been devoted to canal 
construction and the improvement of 
waterways, and only last year the French 
Chambers voted £9,000,000 for similar work. 
During the last twenty years Germany has 
displayed equal energy, which has borne 
fruit in aiding active competition with our 
own manufactories and in converting 
countless riverside villages into busy in- 
dustrial ports, and only last April the 
Reichstag granted a further amount of 
£17,000,000 for canal construction. Even 
in the tiny kingdom of Belgium no less 
than £16,000,000 has been devoted within 
the last twenty-five years by the Govern- 
ment to the construction and improvement 
of canals and waterways. The result in 
each case has been to establish water 
transport on a sound basis and to make the 
people recognise in it a source of economy 
and a convenience as great and as necessary 
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in its way as that offered by railways and 
public roads. As for schemes directed to 
the co-ordination of British canals, there 
will doubtless be plenty forthcoming, and, 
in the meantime, one possessing strong 
claims to favourable consideration is that 
put forward in the paper by Mr. J. A. Saner 
before the Institution of Civil Engineers in 
November last. This paper has recently 
been issued by the institution in pamphlet 
form, together with the discussion and 
correspondence thereon, and the book is 
one that our readers may study with profit. 
Information collected with regard to clause 
(1) and data rendered available as the 
result of inquiries instituted under clause 
(3) will probably go a long way to suggest a 
favourable answer to the question con- 
cerning prospective benefits under a re- 
habilitated and perfected system of inland 
waterways, and examination of the splendid 
results obtained by Continental Govern- 
ments should leave no shadow of a doubt 
as to the absolute necessity for placing all 
British canals and navigable waterways. 
under central control, whether that control 
be exercised by a Government Department 
or by an authority constituted somewhat on 
the lines of the Metropolitan Water Board. 
Finally,we must express the earnest hope that 
the Commission will not content themselves 
with the mere collection of opinions and 
the formulation of general conclusions, but 
will attack the subject in a practical manner 
and bring forward a sound and well de- 
veloped technical, financial, and adminis- 
trative scheme which may be used as the 
basis of a bill to be submitted to Parliament 
with the least possible delay. 

A NEW SINGLE-PHASE Mortor.—Efforts 
made during recent years to produce a 
single-phase motor comparing favourably 
with its continuous-current rival have, as a 
rule, been restricted to types less suitable 
for stationary work than for the require- 
ments of railway traction. The new motor 
described by Mr. V. A. Fynn, in a paper 
read before the Institution of Electrical 
Engineers, can be built with either shunt 
or series characteristic, and so should be 
available for either kind of service. The 
former class has now been fully developed, 
and a whole series of these machines fully 
worked out. Recognising the possibilities 
of the Atkinson motor, the author set him- 
self the problem of evolving from it a new 
commutator motor, in which the defects of 
this fundamental type would be, as far as 
possible, eliminated ; and it is claimed that 
this problem may now be considered as 
having been satisfactorily solved. The 
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presence of the commutator suggests the 
possibility of starting such a machine asa 
shunt, a series, or a “repulsion,” or, more 
correctly, a ‘* series-induction.” It should 
also render possible phase compensation, 
but the shunt starting arrangement must 
be discarded, since with it the motor can 
only develop a good torque at very low 
speeds, and the series connection also 
gives poor results. On the other hand, the 
machine starts very well as a series-induc- 
tion machine. After describing the details 
and essential features of the motor under 
consideration, the author sets forth briefly 
the working theory of such machines when 
running at normal speed, and indicates 
how the phase of the armature current can 
be adjusted with regard to that of the 
transformer field. The method by which 
the phase of the motor field is varied con- 
sists in introducing an auxiliary E.M.F. 
differing in phase from the E.M.F. induced 
in the rotor winding by the rotor conduc- 
tors in the primary field of the motor. 
The resultant of the two is responsible for 
the motor field, and the author has found 
that an auxiliary E.M.F., differing by about 
go degrees from the E.M.F. in the rotor 
winding, gives the best results. Under 
these conditions it is said that the greatest 
phase displacement of the _ resultant 
E.M.F. can be obtained with the smallest 
auxiliary E.M.F., and without materially 
influencing the motor field strength. It 
would certainly seem better to introduce 
into the circuit between the armature 
current and the transformer field an 
auxiliary E.M.F. which would influence 
the phase of the secondary current 
directly. The author states, however, 
that he has made a number of tests in 
this direction, and has found no difficulty 
in obtaining coincidence of phase between 
stator current and E.M.F. tor light loads 
and for constant values of secondary 
current, but that as this secondary current 
varies with the load no great advantage 
would be gained by the adoption of such a 
method. One good point in the author’s 
arrangement is that the application of acces- 
sory apparatus is avoided as the auxiliary 
E.M.F. is furnished from the motor itself. 
The conversion from series - induction 
to shunt-induction working can be simply 
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and smoothly effected, and the con- 
nections can be arranged for running in 
both directions as required for lift and other 
purposes. Judging from the curves given 
in the paper, the new motor, when em- 
ployed without auxiliary short circuits in 
the armature, appears to a slight disad- 
vantage as compared with the ordinary 
single-phase motor as regards efficiency. 
But this drawback is counterbalanced by 
the exceptional starting properties of the 
new motor. Although the author does not 
deal fully with the performance of his 
motor as a series characteristic machine, 
there is good reason for believing that it 
should give good results when so employed, 
and so be available for railway as well as 
for stationary purposes. 

Lonpon TrarFic. — Undoubtedly, as 
Captain Swinton remarked at the com- 
mencement of his able and most interest- 
ing paper read before the Society of Arts, 
** London is suffering the penalty of over- 
popularity.” So far as can be gauged by 
intelligent study of census returns, the 
present population of some six and a-half 
millions will reach eleven or twelve mil- 
lions within a reasonable number of years. 
Traffic of all kinds has outstripped accom- 
modation, and strenuous efforts are neces- 
sary to overtake it. It would serve no 
useful purpose to comment upon all the 
points raised by Captain Swinton, and we 
content ourselves with the remark that 
generally his treatment of the subject 
shows a just appreciation of the main 
features of the great traffic problem. The 
report of the Royal Commission already 
contains every imaginable kind of proposal 
and several valuable schemes worthy of 
adoption. As matters stand, we do not 
want any more proposals. The one thing 
needed is a central authority to deal with 
projects already evolved, and the sooner 
the Government pass an Act appointing 
the Traffic Board recommended by the 
Royal Commission the better for every- 
body. There could scarcely be any opposi- 
tion to such a measure, which could be 
passed through the two Houses of Parlia- 
ment in a few hours or days by friendly 
agreement between the two great political 
parties. 
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Extension of the pv' Exponential Expansion Law. 


By ROBERT H. SMITH. 





HE law pv‘ maintained at a con- 
stant value has been found so 
extremely useful in expressing 
either exactly or approximately 

not only expansion curves but also many 
other physical changes, that any fairly 
easy method of extending the range of 
its applicability is likely to be welcome. 

Very early in the history of the 
physical science of steam and other 
vapours and gases, simple modifications 
of the elementary law pv = K a constant 
were used in order to formulate experi- 
mentally observed deviations from the 
fundamental hyperbolic curve. Thus 
if isothermals are found to be strictly 
hyberbolic, it was natural to try whether 
the constant K could not be regarded as 
a linear function of the temperature, or 
K = k(t +T), where ¢ is the temperature 
measured from the arbitrary zero of the 
scale employed ; and this ultimately led 
to the measurement of “ absolute ” tem- 
perature on the air-thermometer scale. 
This substitution also allows account to 
be taken of variation of temperature 
along any expansion curve. Similarly 
if on a pv diagram the pressure p be 
measured from some artificial zero, such 
as the atmospheric line, without the 
absolute zero of pressure being known, 
it is easy to find the addition to /, that 
is, the depth of the absolute zero base- 
line below the artificial base line, which 
may make the curve hyperbolic, or 
v(p+P)=K. From any pair of points 
1 and 2 on the curve the measurements 
of pressure and volume give 


P = (pi — Poe) + (¥2 - 1%); 


therefore, 
(pp. + P) = (pi — po) Ue + (12 — %4), 
and 
K = (pi + po) VyV_ + (Vg — V4). 


If the same P and K be found by such 
calculation from several pairs of points, 
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the curve is found to be truly hyperbolic. 
The calculation can be made graphically 
by a simple and obvious construction. 
Again, if the diagram show a “ false” 
volume, for example, that swept by the 
piston excluding the “clearance” 
volume, a precisely similar calculation 
gives the addition V to be made to the 
measured v in order to reduce the 
formula to the hyperbolic form 
p(v+V)=K. These additions P and 
V are equivalent to shifting the axes of 
co-ordinates by these amounts. Measure- 
ments at any three points enable the 
three constants P, V and K to be cal- 
culated. The very simple graphic 
construction for the simultaneous deter- 
mination of the two new axes is shown in 
Fig. 1. If A BC be the three chosen 
points on the curve; if the point (a) 
be the intersection of the horizontal 
through A and the vertical through B ; 
(ay) that of the horizontal through A 
with the vertical through C ; (ab) that 
of horizontal through B with vertical 
through A ; and (ac) that of horizontal 
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through C with vertical through 4: 
straight lines are drawn joining (af) 
with (ab) and (ay) with (ac), and the 
intersection of these lines gives the 
origin O through which the new vertical 
and horizontal base-lines are to be 
drawn. The third line joining (Py) 
with (bc) should be drawn as check: it 
will meet the two others at their inter- 
section if the drawing be accurate. To 
prove further that the shape of the curve 
is truly hyperbolic it will be necessary 
to repeat the construction for a fourth 
and other points. The construction of 
Fig. 1 shows clearly and prettily that 
the position of the origin O is entirely 
unaffected by the positions of the 
artificial axes, and depends only on the 
shape of the curve (the directions of the 
axes, of course, being given). 

Much later the law was modified by 
making the index of one of the two 
variables different from unity, and this 
introduced a new rich variety of curves. 
The law fv' = K contains two constants 
K and 1, and these two can be deter- 
mined from measurements at any two 
points of the curve. If the two points 
chosen be close together, it is the 
tangent to the curve that is used for the 
determination of K and i. There are 
four methods available for calculating 
these constants from measurements at 
two points on the curve. They are as 
follows :— 

(1) Logarithmic method. 


j — lor % — log y 
~ log py — log po 
log p; log v, — log pf, log v, 


and log K = leg a, - los 
This method is most commonly used 
graphically. For a number of curve- 
points the logs of corresponding /’s and 
v’s are plotted as horizontal and vertical 
ordinates. If the curve is truly repre- 
sented by the formula, all these points lie 
on one straight line, whose slope gives 2, 
and where the line cuts the zero of log v 
we have log K = log p, which gives K. 
(2) Differential method. 


_wv dp 
a° ae 


i 


Here = is the slope of the -tangent, 


which is negative. At any point of the 
curve at height # draw a tangent, pro- 
ducing it to cut the vertical axis. The 
height of this intersection above the 
touching point on the curve is evidently 


—v 4 The ratio of this height to p 


thus at once gives?. Or, if the tangent 
be produced to cut both axes, the inter- 
cept between them on the tangent is 
divided in the ratio ¢ at the touching 
point. The ratio should be reduced 
graphically to a unit base in order that 
the values obtained from a number of 
tangents drawn at various parts of the 
curve may be compared. If these do 
not agree then the formula will not 

represent the curve fairly. 

(3) pv-variation method. 

_ 1 d(pv) 


i= pepe 


p ad 

In the hyperbola fv does not vary or 
f*) Oandi=1. The deviation of 
pv from constancy along the curve is, 
therefore, a very direct method of find- 
ing the index i. It is very easy to draw 
through any point of the curve the line 
that is tangent to the hyperbola passing 
through the same point, because for the 
dp 
dv 
gives the slope of this tangent. Along 
this tangent for a short distance pv is 
constant, and thus comparison between 
its slope and that of the actual curve 


hyperbola =? and this at once 
Vv 


gives the 4 cf) of this last. 


Fig. 2 is probably the simplest 
graphic reduction of either of these 
methods: both (2) and (3) are repre- 
sented by this construction, because 
both practically. and really mean the 
same thing. a and a are the projections 
of any point A of the curve upon the 
horizontal and vertical axes. Froma 
the line at is drawn parallel to the curve 
at A. The index: is the ratio Oa/Ot. 
Any pole £ on the vertical axis is joined 
totanda. At unit horizontal distance 



































from the origin O is drawn a vertical. 
At the lével at which this vertical cuts 
tp, the other line ap reads the value of ¢ 
_to the horizontal scale used for the unit 
distance. 

(4) Integral method. 

The work done, or the integral area 
underneath the curve, is 


Pa _ Pi %1 — por 
W =f pw + eo 


and, if this be measured by planimeter, 
or by any of the methods used for 
measuring indicator cards, between any 
pair of points1 and 2, it gives a measure 
of i, namely, 


The excess of i over 1, or the deviation 
of the curve from the hyperbola, here 
depends not only on the drop of pv 
between the two points, but also upon 
the shape of the curve throughout the 
stretch between 1 and 2. This, there- 
fore, is one of the most satisfactory 
methods of calculating i, although it 
involves slightly more work than the 
others above mentioned. 

Those who have done any work in 
reducing experimental curves to the 
form pv'=K must be aware that not 
infrequently no constant value of 7 will 
fit the formula to the whole range of 
the curve. All that can be done is to 
select the two constants to make the 
“theoretical” curve pass exactly 
through two points of the actual curve. 
The two points should be selected at 
about one-fifth of the whole range over 
which an approximation is desired from 
either end of this range. But between 
and beyond these two points the 
‘‘theoretical”’ and the actual curves 
may differ in shape considerably. There 
is even no guarantee of coincidence of 
direction, i.¢., of tangent, at either of 
the two points. Method (2) gives 


coincidence of position and coincidence 
of direction at one point only. 

The applicability of the formula may, 
however, be greatly extended by shift- 
ing the axes of co-ordinates from the 
positions from 


which the actually 
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FIG. 2. 


measured / and v are plotted ; that is, 
by adding constants to the variables p 
and v. The formula now takes the 
shape 
(p+P)(u+V) =K 

where P and V are the extra constants. 
It now contains 4 constants, which can 
be selected so as to make the formula 
fit exactly the positions of 4 points on 
the curve. The task of finding the 
proper values of these four is, of course, 
more difficult than that of finding the 
two i and X alone. 

If either P or V be put zero, then the 
graphic tangent method (2) can be used 
to find the other three. Fig. 3 shows 
the construction to find P with V=O. 
Oa is the axis from which the v’s are 
plotted, and O'v' that from which the 
f’s are plotted. The tangent to the 
curve at any point A is produced to 
meet Oa in ?¢,, and ¢,r is drawn 
horizontally to meet the tangent at 
another selected point B. rO" is drawn 
vertically and meets the horizontal Aa in 
b. Then, B being the vertical projection of 
B on Oa, the line 08 is drawn out to 
meet in f the tangent at B. Through 
p draw the horizontal O"O f. This is 
the new axis of (+P): its depth below 


C2 




















T t, 
b 
QO" 














O'v' is P. Because the construction 
makes the ratio ¢,8/B8 O =7rb/bO" =t,a/aO 
=i, that is, it gives the same 7 for both 
points A and B. A precisely similar 
construction interchanging the axes of 
v and of f, will give a constant V with 
P=O yielding the same i for both A 
and B. 

Unfortunately only a very tedious 
process of repeated trials and errors 
will enable this construction to be used 
to determine simultaneous values of 
V and P and : fitting any given curve. 

Nor can this problem be solved con- 
veniently either by the logarithmic 
method (1), or by the fv-variation 
method (3). It was only after the author 
thought of the method (4) by integra- 
tion that he found it possible, with any 
reasonable amount of labour, to calculate 
values of all four constants P, Vs 7 and 
K to suit any given curve. 

If Wy, represent the work area 
measured under the curve with the 
ordinates p, ie., {7 pdv, between the 
points 1 and 2, then the work area 
under the same stretch of the curve 


THE ENGINEERING REVIEW. 


measured from an axis shifted P down- 
wards, will be W,, + P(v,; —v,). Thus 
the integral equation of method (4) with 
the index 7 suited to the curve as 
measured from the axes shifted P down- 
wards and V towards the left, is, for 
three stretches of the curve between the 
three pairs of points 12, 23 and 34, 


{ ) 


( Wet P(v.- 4) | & - 1) = 
(pr + P) (1 + V)- (bo + P) (%2 + V) 


which by cancellation reduces to 


(I.) Wig (t -— 1) = pi 1 — po %% 
+ (fi — fo) V -— Pi (v2 - 1) 

and 
(II.) Wag (@ - 1) = fo Vo- fa Us 
+ (po- ps) V - Pt (vs - 24) 

and 
(III.) Weg (@- 1) = fs Vs — fa U4 
+ (ps— ps) V — Pi (v4 - 0) 


Here everything except i, P and V can 
be obtained directly by measurement 
from four points in the diagram, the 
three W’s being found by planimeter or 
otherwise. As the three equations are 
linear in respect of i, P and V, their 
solution for these quantities is very easy. 
There is no advantage gained from 
writing out the solution in general 
algebraic terms: when the numerical 
values of the measured quantities are 
inserted the process of solution proceeds 
smoothly and simply. The best pro- 
cedure is (1) to eliminate V by cross- 
multiplication from I. and II. and again 
from II. and III.; (2) from the two 
resulting equations to eliminate Pi by 
cross-multiplication ; and (3) this leaves 
a simple equation involving 7 only, from 
which # is to be calculated. Then (4) 
the value of 7 so found is inserted in 
either of the two derived equations, and 
from it P is calculated. Next (5), 
t and P so found are placed in any one 
of the three original equations, and from 
it V calculated. Lastly, putting the 
now found 7 P and V in the funda- 
mental equation 


(P+P)W+V¥=K 
and applying this to any one of the 


















































four selected points, there will be ob- 
tained the value of K. 

A numerical example will illustrate 
the method more specifically. In this 
example the four measured points on 
the curve are taken at equal pressure 
distances apart, and it shows how much 
the arithmetic is simplified by selecting 
pressure values and pressure differences 
represented by numbers easy to deal 
with. 

The data are— 


Diff. | Diff, | Diff. | 


pi=80 | v,=8°30 | P1 U2=664'0 | 
20 | 2°23 | 32°2 |Wy.=151 
Po=60 |Ug=10°53 | fo t,=631°8 | 
. 20 3°57 67°8 |Wog= 199 


/ 
ps=40 |Ug=14°IO | pg Vg=564'0 
o| 7°65) 1290 |Wg4= 191 
pi=20 | m=21°75 || fy ¥4=435'0 


The solution is— 
151 (é -— 1) = 32°2 + 20 V — 2°23iP 
199 (¢- 1) = 673+ 20V —- 3°57i1P 
IgI (t — 1) = 129°0 + 20 V - 7°65% P 
Therefore, by subtraction, 


48 (¢ — 1) = 35°6 — 1°347 P 
-8 i - 1) = 61'2 - 4°087 P 


Therefore, by cross-multiplication and 
subtraction, 


jwise 4°08 x 35°6 — 1°34 x 61°2_ 
4°08 x 48 + 1°34 x 8 


1+ ©3°° — 4-395, 
206°7 
Therefore 
p = 082 + 8 X “305 _ 63°64 _ 11°95 = say 12, 


4°08 x 1°305 5°32 
Therefore V = 
1151 X °305 — 32°2 + 2°23 x 1°305 x 12} +20 


= 2°435 = say 2°4. 








EXTENSION OF THE pvi EXPONENTIAL EXPANSION LAW. 


i 





Therefore 


(p + 12) (v + 24) 8 = K = 52 X 165 1% = 
2018 = say 2020. 


In the “tangent” method (2) the 
mathematical equation given can be 
changed so as to become identical with 
that of method (3), because, as is well 
known, d(pv) = pdv 4+ vdp. Again, 
in method (3), the d(pv) is the value of 
(p2V2 — f,0,) fora very smallexpansion dv, 
while fdv is the value of W for the same 
small expansion. Thus, method (3) is 
seen to be no more than the particular ap- 
plication of method (4) totwo points close 
together on the curve. The intrinsic 
superiority of method (4) lies in its 
making the formula coincide strictly 
with the curve all along the stretch 
considered in so far as area under the 
curve is concerned. When applied to 
find constants Pand V, as above shown, 
it makes the formula coincident with the 
curve, both in respect of the positions of 
four points and also in respect of area 
under each of the three stretches of 
curve between these four points. If 
the curve were compounded of small 
harmonic ripples superimposed on a 
fundamental curve, then, if the selected 
points were spaced according to the 
complete periods of the ripples, the 
above solution might yield the funda- 
mental curve, ignoring the ripples. But 
if in selecting the four points, care is 
taken to avoid spacing them in harmony 
with the ripples, then the solution must 
give, within the range of the four points, 
coincidence between the formula and 
the actual curve. In the absence of 
ripples it is practically impossible for 
the areas by the formula and those of 
the actual curve to agree without the 
two giving coincident results continu- 
ously from point to point all along the 
range. In some cases, however, the 
algebraic solution may involve negative 
quantities incapable of physical inter- 
pretation. 


(For Addendum to this article, see page 271.) 











































Superheated Steam.—II. 


By MICHAEL LONGRIDGE, MJInst.C.E., M.1.Mech.L. 


either by allowing it to expand with- 

out doing work, or by supplying it 

with heat from some outside source. 
The first was commonly, though I think 
unwittingly, made use of during the earlier 
days of high-pressure boilers, before the 
older engines had been replaced. It was 
then not unusual to find engines supplied 
from boilers working at 70 lb. or 80 lb. 
pressure with no more than 20 Ib. or 
30 lb. upon the pistons. The engine- 
men always said the high pressure kept 
down the coal bill. A pound of steam 
at 30 lb. gauge pressure contains 1197 B.T.U.; 
to raise the pressure to 80 lb. 15 B.T.U. 
must be added: If this pressure be again 
reduced to 30 lb. without performance of 
work, the heat surplus remains, and is 
available for evaporating moisture if the 
steam leaves the boiler wet, or for super- 
heating it if dry. At 30 lb. gauge pressure 
15 B.T.U. will evaporate 1°6 per cent. of 
moisture, or will superheat 1 lb. of steam 
by about 30° Fahr. I rather think myself 
that the high pressure was preferred, 
because with it less attention was required 
to keep the engine up to speed. 

The same system is adopted with some of 
the water-tube boilers in the British Navy 
to-day; and with boilers of this class which 
can be safely worked at pressures consider- 
ably abovethose required by steam-engines, 
the system, so far as it goes, is practical 
and useful. The superheat obtainable is, 
however, too little to enable it to rival the 
more usual system of superheating by 
addition of heat. This is accomplished by 
passing the steam through tubes or over 
surfaces heated by independent furnaces or 
by gases from the furnaces of the boilers 
which supply the steam. Of independently- 
fired superheaters I suppose Schmidt’s, 
made by Easton and Anderson, is the best 
known in England. It consists oftwo coils 
of pipes placed in a firebrick chamber above 
a furnace, but protected in some measure 
from contact with the flame by a brick arch 
with openings, through which the gases from 
the firegrate ascend. The steam from the 
boiler enters at the top and passes down- 
ward through the upper group of coils in a 
direction contrary to that of the hot gases, 
into a header or colleciing-pipe, at the 


SC" can be superheated in two ways: 


bottom of the group, whence it is conducted 
by an external pipe to the bottom of the 
lower group, and passes upward through its 
tubes in the same direction as the flame, 
finally emerging from the top header of this 
group about half way up the chamber. The 
object of taking partially superheated steam 
from the bottom of the upper coils to the 
bottom of the lower is to lessen the risk of 
damage which might result from the action 
of the intensest heat upon the lowest coils 
if these contained the most highly super- 
heated steam. 

One of these superheaters is used in con- 
nection with the engine from which the 
diagrams shown in Fig. 7* were taken. It 
consists of an upper and lower group of 
coils, as already described, each containing 
sixteen coils in parallel, 1? in. external and 
14 in. internal diameter, giving altogether 
1,033 sq. ft. of heating surface. The fire- 
grate area is 11}sq. ft. It is guaranteed to 
superheat 9,300 lb. of steam per hour, 400° 
Fahr. at 120 lb. gauge pressure. It is 
therefore designed to superheat g lb. of 
steam 400°, and to transmit 1,800 B.T.U. 
per sq. ft. of heating surface per hour with 
a velocity through the tubes increasing from 
54 ft. to 63 ft. per second. 

I cannot give any account of this super- 
heater when doing its full work, because the 
engines which it serves only require about 
6,900 lb. of steam per hour. I can, how- 
ever, give the results of accurate observa- 
tions made during two consecutive weeks of 
57 hours each, during which the superheater 
was supplying Messrs. Cole, Marchent, and 
Morley’s engine only. The figures are :— 


Steam superheated per hour 

from 350° to 775° ... cos, SGT TE 
Coal burnt per hour in furnace 

of superheater ose +» 157°5 Ib. 
Heat absorbed by superheater 

per hour i ae .-. 707,000 B.T.U. 
Heat absorbed per Ib. of coal 4,490 __,, 
Calorific value of coal said to 


be about one _ oo. Se ‘4 
Efficiency of superheater ... 0°41 
Heat transmitted per square 

foot of surface per hour ... 6,850 


Velocity through tubes . 15°8 ft. per sec. 


The temperatures of the gases entering 





* See p. 186. 














and leaving the superheater chamber were 
not taken, so that it is not possible to calcu- 
late the rate of transmission per square foot 
of tube surface per degree difference of tem- 
perature per hour. We can, however, make 
a rough estimate. 

Assuming the heat capacity of the gases 
per pound of coal to be 4°3, and the loss 
from radiation to be 15 per cent., the tem- 
perature at the entrance to the superheater 
would be about 2,100°, and the temperature 
at exit about 1,100°, so that the mean tem- 
perature of the gases would be about 1,600". 
The mean temperature of the steam was 
562°; therefore the mean temperature 
difference would be 1,038, and the trans- 
mission per sq. ft. of tube surface per 
degree mean temperature difference per 
hour 6,850 ~ 1,030= 6°65 B.T.U. So high 
a rate of transmission is very remarkable, 
having regard to the large surface per 
pound of steam, and to the low velocity 
through the tubes. I shall refer to the 
figure later on. 

The low economic efficiency was due in a 
great measure to radiation while working, 
and particularly after each stoppage of the 
engine. Counting only the inner 3 in. of 
brickwork lining and the brick arches over 
the fire, the weight of material to be heated 
every morning would be 16,000 lb., and this 
weight if heated 1,000° would absorb as much 
heat as would evaporate 3,600 lb. of water 
from 100° into steam at 120 lb. gauge pres- 
sure, or nearly 11 per cent. of the water 
evaporated by the boiler in a ten-hour day. 
The estimate may be a rough one, but the 
inconvenience of having to heat a great 
weight of material at the beginning of a 
run, and of having a large quantity of heat 
to get rid of at the end, is very real; in 
fact, when conducting the trial of the engine 
I found that the steam temperature of 700° 
required by the contract could not be ob- 
tained till some time after each stoppage, 
and particularly after the stoppage for 
breakfast, although the superheater had 
been fired from 6 a.m. Also, that before 
stopping at night the fire had to be let 
down to prevent damage to the superheater 
tubes. 

For this reason I think that, for intermit- 
tent working, independently-fired super- 
heaters are less satisfactory than super- 
heaters heated by the gases from the boiler 
furnaces. 

In England the superheater most gener- 
ally used is McPhail and Simpson’s, or one 
of the numerous modifications thereof, 
placed in Lancashire boilers in the down- 
takes at the back ends, and in water-tube 
and other boilers in some situation of similar 
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temperature. I am glad to introduce Mr. 
McPhail’s name here because I do not 
think he has secured the credit which is 
his due, uuless it be in the eagerness which 
others have displayed in copying his work. 
If imitation be, as no doubt it is, the sin- 
cerest form of flattery, he has got that; but 
I do not think that among the many who 
use his superheater, or one or other of the 
numerous variations thereof, more than a 
very small minority appreciate the sound 
engineering judgment and perspicacity of 
this pioneer. He designed a_ struc- 
ture of material suitable for exposure to 
high temperature, having large heating sur- 
face, but occupying little room, so sub- 
divided as to bring the whole of the steam 
into contact with the hot metal, yet put to- 
gether without a single joint exposed to the 
action of the fire, and he put it exactly where 
a superheater should be put—i.e., in the 
hottest place in which it could be safely left 
to take care of itself when the cooling current 
of steam should be shut off. Its introduc- 
tion, moreover, involved no_ structural 
alterations of boilers or seatings, and in- 
troduced no additional radiation losses. 
He did this at a time when superheating 
was in disrepute in England, when the fear 
of superheaters being burnt out was so real 
that some of his earlier imitators provided 
means of flooding their superheaters with 
water when steam was not passing through 
them, least they should be burnt. In my 
opinion the only mistake he made was the 
addition of the evaporator to the super- 
heater ; for his original design, as most of 
you know, consisted of two parts: a super- 
heater and an evaporator, or, rather, in the 
case of a Lancashire boiler, two super- 
heaters and twoevaporators. Each super- 
heater consisted of a top and bottom box 
connected by tubes, the two top boxes 
being placed side by side above the down- 
take, the tubes in the downtake, and the 
two bottom boxes in the bottom flue. The 
evaporators inside the boiler were copper 
pipes, one running below the internal flues 
from the back to the front end and back 
again, the other occupying a similar posi- 
tion above the internal flues, but below the 
water surface. The steam from the boiler 
passed first into the top box of one of 
the superheaters and through the tubes 
thereof, becoming superheated in its pass- 
age to the bottom box. Thence it passed 
through the copper pipe below the internal 
flues of the boiler, giving up the whole or 
the greater part of its superheat to the sur- 
rounding water, into the bottom box of the 
second superheater, up the tubes to the top 
box thereof, and thence through the copper 
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pipe above the flues to the junction-valve 
in connection with the steam main, from 
which it issued with a superheat seldom 
exceeding 50°, and frequently much less. 
I believe the evaporator was intended to 
equalise the temperature and keep it within 
limits which were considered safe before 
the days of minerals oil. Thus used, the 
apparatus was really an extension of the 
heating surface of the boiler, and as such 
was useful in increasing the economy and 
output in cases of hard firing. Mr. Patchell 
has borne witness to its utility in electric- 
lighting stations during the peak of the 
lighting load. 

The superheater part of the arrange- 
ment was eminently satisfactory, and may 
be called the parent of all the “* downtake” 
and similar superheaters of the present 
day. Let us then consider briefly one or 
two matters affecting the design of super- 
heaters of this class, particularly those 
placed in the downtakes of the Lancashire 
boilers. : 

The first point is the effect of tempera- 
ture on transmission. There can be no 
doubt that the number of units of heat 
transmitted from the gases to the steam 
per square foot of superheating surface and 
per degree difference of temperature in- 
creases considerably as the temperature 
difference increases. What the increase is 
I cannot tell you; I have already cited one 
case where the rate of transmission must 
have been something like 7 B.T.U. per 
hour per square foot per degree tempera- 
ture difference when the mean temperature 
of the gases must have been something like 
1000° Fahr. higher than the mean tempera- 
ture of the steam. In other cases, where I 
have been able to make estimates from 
incomplete data, supplemented by general 
experience, I have found the figures given 
opposite. 

The figures are very erratic, owing partly, 
no doubt, to errors in measuring or estimat- 
ing the gas temperatures, and in the case of 
the J-tube superheaters to difference in the 
quantities of gas coming into contact with 
the tubes. These superheaters are usually 
placed at the back of the downtake, 18 in. 
or 20 in. from the boiler, so that the gases 
passing from the internal flues to the bottom 
external flue do not pass through the super- 
heater tubes, but only in front of them. In 
some cases walls and dampers are placed 
in the downtakes to guide the gases through 
the superheater when it is at work, and to 
by-pass them to the bottom flue when it is 
idle. The simplest arrangement appears 
to be a plain flat horizontal slab, wide 
enough to fill the space between the back 
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end of the boiler and the superheater, 
which, when lowered below the internal 
flues, will force the gases to go through 
the superheater, and when raised to the 
top of the downtake will allow them to 
short-circuit into the bottom flue. With this 
arrangement the tubes of the superheater 
must not be so close together as to block 
the passage for the gases passing between 
them, and thus spoil the draught. 


| 








| 33 338s 
| 2m 2a e883 
*- 1 8..as 
at a2. |} ago 
pene mee ot Sau | Ss £ rm 
Superheater. a) | 6 &0n ® 
Sur Ege Ess i = 
| S88 | S289 
os i= 
B.T.U.| Deg. | B.T.U 
1. Ordinary (U-tubes on Fahr. | 
downtake . ++] 1§30 480 | 3°16 
2. Ditto Ditto +-| 2340 471 4°98 
3 Ditto Ditto ..| 4425 62 ae 
4 Ditto Ditto -+| 277 605 4°6 
5. Ditto Ditto --| 3260 | 464 7 
6. Field tubes in down- | 
take i as --| 2260 500 45 
re Ditto Ditto ++} 1915 52. 3°6 
8. Tubes in downtake, 
heat passing between | 
them .. ex ° 3235 | 552 | 5°86 
9. Ditto Ditto --| 2798 449 6°23 
10. Ditto Ditto --| 3617 42 8°5 
II Ditto Ditto «+| 2074 447 4°6 
12. Ditto Ditto --| 2733 427 64 
13. Ditto Ditto -«| 4080 630 6°48 
14. Ditto Ditto «+| 2372 572 4.67 
15. Schmidt's superheater 242 264 | o'92 
16. Ditto a 225 217 | 1°04 
17. Ditto Pe 140 162 | 0.9 
18. Ditto -+| 169 162 1°04 
10. Ditto ie 281 | 1°12 
20. Gehre superheater .. 57 178 | 073 
21. Ditto ..-| 1900 493 | 4°7 





Mr. Bolton has given me particulars of a 
case in which the removal of a similar 
deflecting arrangement reduced the super- 
heat from 200° to 135°. 

In the present state of uncertainty I can 
only give you the rough and ready rule, 
that the ordinary downtake superheater 
will transmit about 1 B.T.U. per degree 
temperature difference for each 100° of 
temperature difference—that is to say, if 
the mean temperature,of the gases be 600° 
above the mean temperature of the steam, 
the transmission will be 6 B.T.U. per sq. ft. 
per hour for each degree of difference, or 
3,600 B.T.U. per sq. ft. per hour. 

Seeing, then, that the rate of transmission 
and, consequently, the heating surface re- 
quired to give any desired superheat depends 
so much upon the temperature of the gases, 
it is desirable to have some means of esti- 
mating what the temperature is likely to be 























in any particular case. This depends princi- 
pally upon the quality of the coal burnt, the 
quantity of air supplied per pound of coal, 
and the extent of the boiler heating surface 
over which the gases pass before reaching 
the superheater. 

If 


C be the calorific value of 1 lb. of coal in 
m.2.U.; 

Wo the weight and mean specific heat of the 
gases passing through the flues per lb. of 
coal burnt per hour; or in other words, 
the quantity of heat required to raise the 
temperature of the gases from 1 lb. of coal 
1° Fahr. ; 

To T the temperature in degrees Fahrenheit 
of the gases before and after passing over 
the surface S; 

t the temperature of the water in the boiler; 

m a constant ; 

then 
T, = we + 60° approximately ; and if 
the transmission vary as the nth power of 
the temperature difference, the heat lost by 
the gases in passing over any element of 
surface is — Wo8T, and the heat trans- 
mitted through the element of surface is 
m (T — t)* 3S. 
Equating these and integrating, we get 
I (n-—1) mS I , 
(T-)*=*= We * (Ty-) "= 
from which T may be determined. I am 
inclined to think that in boilers the value of 
n is about 1°75, and for Lancashire boilers 
the value of m is about 0°045. 
Adopting these figures we get 





| COS I 
(T+)%— We + (T-d 
Another simpler formula, giving results 
rather too high, but avoiding the use of 
logarithms, is 


(A) 


I o12S I 
JT -t= We + JTo-1 

It is obtained by making » = 1°5 in the 
general equation. 

For the practical application of the 
formule when Woand 7, are not known 
(t, of course, is given in the steam-tables) 
the numerical value of Wo may be taken 
as 4 (corresponding to 15 lb. of air per 
pound of coal), for very careful firing and 
very carefully controlled draught, as 5 
(corresponding to 19 lb. of air per pound of 
coal), for ordinary firing, and as 6 corre- 
sponding to 23 lb.of air per 1 Ib. of coal for 
a good roaring draught ; 5 is a fair average 
value. The value of Ty) depends on the 


(B) 
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calorific value of the coal, as well as on Wa, 
Taking the ordinary factory fuel at 13,000 
B.T.U. per pound dried, or 12,500 B.T.U. 
per pound in its natural state, and assuming 
that 5 per cent. of the heat is lost in the 
furnace, the heat remaining available for 
the boiler will be 11,875 B.T.U. per pound 
of coal, and an average value of Ty will be 


ters + 60 = 2435. 
The following table gives the downtake 


temperature given by these formule in the 
following cases :— 


7 ft. boiler 30 ft. long, burning 600 lb. of coal per hour. 
600 


” 20 5 ” ” ” ” 


” 
St. 5 30 ” 900 5, ” ” 
” ” 20 ” goo ,, ” ” 
oft. 1 3 ” 1,200 ,, ” ” 


20 45 ” 1,200 4, a 
Working pressure = 100 lb. ¢ = 338°. 





Downtake Tempera- 





Value ; 

on - ture in Degrees 

of S. Fahrenheit. 
| By A. | ByB. 
7 ft. boiler, 30 ft. long... “76 930 963 
Eat ye | a) eee 1,263 
Se: 2D wok ee 1,039 1,098 
le Me Nace eS 1,309 | 1,398 
oR: w 30 yy -- | “485 | 1,171 1,243 
d ee: - SE e)) oR 1,438 1,338 





Consider for a moment how these tem- 
peratures affect the heating surface in the 
superheater. 

Assume an evaporation of 7 lb. of water 
per pound of coal and superheat of 200°, 
then the superheater will abstract 


7 X 200 x 0°3 = 700B.T.U. 


from the gases per pound of coal burnt, 
and will reduce the temperature of the gases 
by 700 + We = 700 + 5 = 140’. 

In the case of the 30 ft. x 7 ft. boiler the 
mean temperature of the gases in the down- 


take would be 23° 79° — 860°, and the 


mean temperature of the steam being 
338 + 538 _ 438°, the temperature differ- 
2 


ence would be 860 — 438 = 422°, and accord- 
ing to the rough and ready estimate I made 
of the rate of transmission, the heat trans- 
mitted per degree of temperature per sq. ft. 
per hour would be 4°22 B.T.U., and the rate 
per sq. ft. per hour 4°22 x 422 = 1,770 
B.T.U. 

Dividing the total heat transmitted to the 
superheater per hour—namely, 600 x 700 





= 420,000 B.T.U.—by 1,770 we get the 
heating surface required in the superheater 
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—namely, 237 sq. ft. If, on the contrary, 
we have to deal with the g ft. x 20 ft. 
boiler, we should expect to get the same 
superheat with 97 sq. ft. of surface. 

The rate of transmission is also effected 
by the velocity of. the steam and gases 
flowing over the heating surfaces. As steam 
when superheated behaves approximately 
like a gas, the velocities of the two should 
be approximately the same to get the best 
result. The volume of the gases can be 
calculated. A fair average is 200 cubic ft. 
at 32° per pound of coal burnt, equal to 
600 cubic ft. at rooo°. An 8 ft. boiler burn- 
ing goo lb. of coal per hour would therefore 
give about 
g00 x 600 = 540,000 cubic feet of gas per hour, 

or 150 cubic feet per second. 


The flue area for such a boiler should not 
be less than 6 sq. ft. Therefore the area 
between the superheater tubes should not 
be less than 6 sq. ft., and therefore the 
velocity of the gases passing between the 
tubes should not be much greater than 
150 + 6= 25 ft. per second, and this is 
probably about the best velocity for the 
steam passing through the tubes. 

And now I should like to add a few 
observations of a more practical character. 

First, as to steam pressure. I am myself 
inclined to think that an initial pressure on 
the high pressure piston of a compound 
engine using superheated steam should not 
exceed 140 lb. above the atmosphere, and 
that, apart from the slight extra cost of the 
larger cylinder required, 125 lb. would give 
as good all-round results. 

The steam-pipes should be of lap-welded 
or drawn iron or steel, with ample provision 
for expansion, and where there is an excess 
of boiler pressure they should be of smaller 
diameter than is usual when saturated 
steam is used. They should be carefully 
lagged, and the flanges should be covered 





by removable boxes. Out of doors the 
lagging should be enclosed in a box. The 
cylinders should be designed to allow the 
parts exposed to the entering superheated 
steam, the working steam, and the exhaust 
steam to expand independently of each 
other and of the engine bed-plate if the 
engine be horizontal. 

For the highest superheat vertical engines 
are preferable to horizontal; but if the 
cylinders are horizontal, the piston-rods 
should be continued of the full diameter 
through the back-end cylinder-covers, sup- 
ported by slides at each end and sufficiently 
cambered to take the weight of the pistons 
off the cylinder bottoms. The piston-rod and 
valve-spindle packings, if there be any, must 
be metallic. The stop-valve gland is the most 
troublesome when the superheatis very high. 

The admission valves, which have to work 
in the steam at its highest temperature 
should, if possible, be drop piston-valves, 
or double-beat equilibrium valves working 
vertically, though ‘‘ Corliss” valves do very 
well below 500°. 

I have already touched upon the question 
of cylinder proportions and interheaters. 
If an interheater be used, the superheated 
steam should go through the tubes, and the 
high pressure exhaust steam round them. 

The tubes should be horizontal, U or in- 
verted vertical ‘‘ Field”’ tubes, self-draining 
and free to expand independently of the 
casing containing the exhaust steam. If an 
interheater be provided, it should be large 
enough to superheat the exhaust 120° or 
more. 

Mechanical stokers keep the superheat 
more uniform than hand-firing. 

With high superheat the steam consump- 
tion per indicated horse-power hour varies 
very little from full load to one-quarter load, 
and is therefore advantageous for engines 
which have to work with light loads for a 
large proportion of their working time. 























The Prevention of Coast Erosion.—III. 


By Dr. J. S. OWENS, B.A., A.M Inst.C.E., F.R.G.S, 


been used for sea defence, we find 

that one of the earliest groynes of 
which any record can be obtained is con- 
structed of timber sides enclosing between 
them a filling of stone or chalk. This 
type is known as a box groyne, and is 
still to be met with on many parts of our 
coast. In some places it is rectangular 
in section with an open top, and in others 
it is met with having a triangular section, 
the two sides sloping up to meet at the 
apex and completely enclosing whatever 
filling is employed. 

A groyne of this type and of rectangular 
section appears upon the old chart of 
Dover Harbour referred to before as in 
the Cottonian Collection of Manuscripts 
in the British Museum, and probably three 
hundred years old. This groyne is shown 
as about 120 ft. in length. The other 
groynes referred to as shown in the above 
chart are built either of masonry or blocks 
of chalk, and all project out from the land 
above high water mark. The oblique or 
‘‘slanting” groyne on the chart is shown 
making an angle of about 45 degrees 
with the shore line in a south-westerly 
direction. This is the direction of the 
prevailing wind. It is not considered good 
practice now to slant a groyne towards the 
prevailing wind. If not at right angles to 
the shore line, it is usually directed away 
from the side from which the prevalent 
wind comes. 

The slanting groyne on the chart shows an 
accumulation of material on the windward 
side. 

Many different designs of groyne have 
been used in the past, some of which are 
illustrated by: the accompanying photo- 
graphs. 

In 1864 six groynes were put down at 
Spurn Point by Sir John Coode, placed at 
varying intervals, from the extreme southern 
point to the north of the promontory. 
These were constructed of Dantzig timber 
piles, 10 in. square, shod and driven to 
various depths into the beach. The planking 
was of 3 in. red wood, bolted to the piles 
by ? in. bolts. When erected, the planking 
stood from five to seven planks above the 


URNING now to a consideration of the 
various types of groyne which have 





beach at the landend. In September, 1876, 
five of these groynes were covered with 
shingle to a depth of 3 to 4 ft. along most 
of their length. 

Mr. Pickwell* estimated in 1877 that 
1,250,000 tons of shingle had been collected 
by these groynes. Their cost was about 
£2 per lineal foot. They may be taken 
as typical examples of the ordinary “high” 
groyne, built up at once to their full height 
above the shore, and having no provision 
for adjustment in regard to height. It 
must not be assumed that such an accumu- 
lation as was here produced can always be 
counted on. The position of these groynes 
was exceptionally tavourable for collecting 
shingle, siice a great part of the drift from 
the Holderness coast comes down past 
Spurn Point, the direction of shingle diift 
here being from north to south. 

Fig. 1 represents a groyne somewhat of 
this type. Note the struts provided to 
support the structure. Unequal accumula- 
tion on each side is clearly expected. 

Another type of high groyne is represented 
by those erected at Hornsea by Mr. Wade 
about thirty-six years ago :— 

“‘The main piles are 13 in. by 13 in., and 27 ft. 
in length; they are constructed of red wood and 
driven in pairs, with two walings and centre row 
of sheet piles, 6 in. by 12 in., 20 ft. in length, driven 
into the clay to a depth of about 10 ft. The top of 
the sheet piling was about 9 to 10 ft. above the level 
of the foreshore. These groynes cost £600 each, 
or about £4 per lineal yard, being about 150 yards 
in length. One of them is still in fairly good 
condition " (1904), ‘‘ but the other is dilapidated.”’t 


They were built up to their full height at 
once; in fact, their construction would not 
permit of gradual raising as the beach 
accumulated. Mr. Pickwell described these 
groynes in his paper already referred to. 
He expressed the opinion that this form 
was not desirable, and he was clearly in 
favour of increasing the height as the shore 
built up. The form of groyne which was 
considered by him to be the most efficient 
is described as a combination of sheet piles 
at the bottom and planks at the top: 

“The main piles being driven zigzag, with a 
waling between, 64 in. by 13 in. deep, fixed on the 


* Pickwell, Proc. Inst. C.E., Vol. li. 
t Matthew, Proc. Inst. C.E., Vol. clix. 
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present level of the beach, sheet piles 6 in. thick by 
12 in. wide driven into the clay on the north side 
of the waling and bolted to it. The top planking 
is gradually added as the beach accumulates, and 
is kept 3 to 4 ft. above it. The cost of this form of 
groyne would be about £4 10s. per lineal yard.” 


These were designed for the Holderness 
coast, where the drift of shingle is from north 
to south. Mr. Pickwell, therefore, expected 
to have the greatest accumulation upon the 
north side. Although he clearly grasped the 
necessity for keeping the groynes lowin the 
first instance, Mr. Pickwell’s groynes would 
now be considered too high. It is a matter 


” 


groyne of the “oid high” type. One is 
taken on the windward and one on the lee 
side. (Figs. 2 and 3.) 

The great initial height of such structures 
also makes them unnecessarily costly, since 
they expose such a surface to the sea that 
they must be built very strongly. 

When such a groyne has the beach upon 
the windward side built up to the top, the 
following curious action may often be 
noticed going on: A wave coming in 
obliquely to the shore, runs up the bank 
of shingle upon the windward side, and 
tumbles over the top of the groyne like a 





FIG. I.—-HIGH GROYNE, SHOWING STRUTS ON LEE SIDE. 
WATER LYING IN IT. 


of common ebservation, that in most cases 
where groynes are put in exceeding 
2 or 3 ft. in height, irregular accumulation 
occurs—if any material is collected at all. 
There is also, usually, no building up of the 
shore immediately to the leeward, but an 
actual denudation. The greater the height 
of a groyne above the shore, the greater is 
this danger of scour to leeward. I have 
myself measured a high groyne at Sand- 
gate, which had the beach 18 ft. higher on 
one side than on the other. The sea wall 
to the leeward showed evidence of having 
to be constantly underpinned to prevent 
collapse. This uneven accumulation is 
shown clearly in the two photographs of a 


NOTE ALSO HOLLOW UNDER LEE OF GROYNE WITH 


waterfall, on to the shore at the lee side. 
This water, naturally, stirs up any sand 
lying beside the groyne into suspension, 
and rushes seaward with it. It also rolls 
away the shingle in its path, and soon 
dredges out a channel immediately under 
the lee of the groyne. When once this 
channel is formed it draws the water near 
it into itself, and thus the mischief is 
aggravated 

I have often watched this process going 
on, and it is very destructive to the shore. 

When the shore level is thus lgwered by 
a “high” groyne, it permits of heavier 
waves rolling in, owing to the increased 
depth of water at high tide. This is 
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FIG. 2.—HIGH GROYNE, BUILT OF CONCRETE AT LAND END AND TIMBER AT SEA END. PHOTOGRAPH OF 
WINDWARD SIDE. 








FIG. 3.-—-THE SAME GROYNE AS IN FIG. 2, TAKEN AT THE SAME TIME FROM THE LEEWARD SIDE. 
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FIG. 4-——-A DISMANTLED HIGH GROYNE. NOTE THE ABSENCE OF ANY ATTEMPT TO MAKE THE TOP OF THE 
GROYNE CONFORM TO THE VARYING GRADIENT OF THE SHORE, THE LOW GROYNES AT THE OTHER 
SIDE ARE “CASE’ GROYNES. 


particularly dangerous in the case of a storm 
coming from a different direction from that 
of the prevailing wind, as the waves will 
then be concentrated by the high exposed 
side of the groyne, and beat upon both it and 
the wall—if there is one—at their weakest 
points, and with aggravated violence. The 
necessity for keeping groynes low, say about 
two feet above the shore level, cannot be 
kept too prominently before us. 

The old high groynes were often con- 
structed of concrete or masonry; some- 
times of an outer skin of brick or stonework, 
and a hearting of mass concrete. In fact, 
the only important point which seemed to 
be kept in view was to make them strong 
enough, and this was not always possible. 
The main features of ‘‘ high groynes” may 
be briefly summed up as follows :— 

They commenced at or above high water 
mark upon the shore, and seldom extended 
much beyond mean sea level. They were 
thus placed upon that part of the foreshore 
where shingle was the chief travelling 
material, and, as a natural result, this was 
what they usually collected. 

They were built up to their full height at 
once, without provision for adjustment 
(Fig. 4). 

The tops of the groynes were usually 
at an unvarying gradient, being simply a 
straight line inclined seaward, without any 
regard to the varying curvature of the shore. 
This is curious, since the section of a fore- 
shore, which has attained to what may be 
termed an “inclination of repose,” always 
shows the surface lying at a gradient which 
varies at almost every point, becoming 
flatter and flatter as we go seaward. 

In consequence of their great initial 


height these structures exposed) a great 
surface to the sea. It was therefore 
necessary to make them exceptionally 
strong and heavy, and to stay them well 
at the sides if built of timber. These stays 
are a common feature of high groynes, and 
they have another function to perform as 
well as that referred to. Accumulation, as 
mentioned before, usually takes place to 
windward of the groyne and scour to the 
lee, hence, unless well strutted on the latter 
side, there is a strong probability of collapse 
under the unequal pressure of the material. 

Low Groynes.—It is unnecessary to give 
here a long description of the ‘ Case” 
groynes as introduced by the late Mr. E. 
Case about ten years ago. They were de- 
scribed fully in his paper before the British 
Association in 1899, and in many subsequent 
papers. 

Briefly, the system consisted in erecting 
long, low adjustable groynes, extending 
across the whole foreshore, and often 
beyond low water mark. The tops of these 
groynes conformed to the natural curvature 
of the shore. The planking was kept ata 
uniform height of about 18 in. or 2 ft. 
above the surface of the sand, and 
gradually raised as the shore built up. 

The method of construction usually 
adopted by Mr. Case was to form the piles 
of two pieces of timber bolted together, with 
distance pieces at their ends. These were 
fixed in the foreshore at intervals of 7 ft. 6 in. 
Their lower ends were usually embedded in 
concrete rammed into holes dug in the fore- 
shore. Planks were fixed in the slots formed 
by the two halves of the piles, and gradually 
added to as the shore built up. 

He usually commenced his groynes about 
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mean sea level and ran them out seawards, 
later on, if necessary, extending them land- 
wards. I may say that it was found neces- 
sary to do this in the majority of instances. 

This method of fixing the piles in the 
foreshore has often been criticised, but there 
is not the least doubt but that, on suitable 
shores, it is the best method which can be 
adopted, and the cheapest. Given a hard 
substratum of chalk or clay underlying the 
sand or shingle at a moderate depth, say a 
couple of feet, and this method is not only 
cheaper but sounder in construction than 
driving. In chalk the pile is practically 
welded into the shore and becomes one 
with it; and in clay, where canting of piles 
is such a common difficulty, owing to the 
small amount of surface exposed by driven 
piles permitting them to force the clay 
aside under the influence of pressure on the 
side of the groyne, a pile set in con- 
crete, and set properly, in a hole of sufficient 
depth filled to the top of the clay with con- 
crete, gives a much better grip of the shore, 
and will not cant or be displaced as easily 
as a driven pile. Inlooking at this question 
of fixing piles, it must be remembered that 
the problem is not at all the same as if the 
piles were intended to bear a head weight. 
The displacing force, in the case of groyne 
piles upon the foreshore, comes from the 
side, and is due to the lateral pressure of 
currents, blows of waves and the like, all 
tending to push the pile over or snap it off 
at the shore level. The problem is more 
on a par with that of erecting fences on 
land capable of resisting lateral pressure, 
and, in the latter case, the necessity of 
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having a broad foot in the ground to resist 
the tendency to cut through the earth by 
displacement, has been clearly recognised. 
It may be said that when piles can be fixed 
in a stratum sufficiently stable to resist 
erosion, setting in concrete is more suitable 
than driving. 

There are certain shores where this 
method of fixing is inapplicable, owing to 
the absence of any hard substratum; but 
the system of protection by means of low 
adjustable groynes, following the curve of 
the foreshore, is without doubt the most 
efficient which has been introduced. 

Fig. 5 shows a foreshore protected in this 
way. These long low groynes extending to 
or beyond low water mark are most efficient, 
causing sand to collect as well as shingle. 
They do not completely intercept the 
littoral currents, but permit of a large part 
of the current flowing over the tops of the 
groynes, therefore they tend to throw fine 
matter out of suspension in the water, 
owing to their action being upon the lower 
layers of the current only. The water, 
laden with particles of sand, is not pre- 
vented from bringing its burden of material 
to the groynes, as is the case where the 
current is completely intercepted and com- 
pelled to flow past their ends. 

In the construction and maintenance of 
these low groynes there are many diffi- 
culties to be coped with. Timber groynes, 
when exposed upon the foreshore, no 
matter how they may be protected, have 
serious drawbacks. Their life is short, 
owing to decay, attacks by ‘‘the worm,” 
attrition of shingle and other causes; they 
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FIG. 5.—-LOW GROYNE AT YOUGHAL, IRELAND. THE WATER FLOWING IN THE FOREGROUND IS COMING 
THROUGH A BREACH IN THE SEA BANK, WHICH WAS CLOSED BY AN EMBANKMENT. SAND HAS NOW 


ACCUMULATED TO A DEPTH OF SEVERAL FEET WHERE THE HORSE AND CART STANDS 














FIG. 6.—NEW REINFORCED CONCRETE GROYNE,. 


seldom last longer than twenty to twenty- 
five years, even with constant attention 
and renewal of injured parts. The low 
specific gravity of wood makes it more easily 
displaced by the water, and when that 
occurs, it is usually washed away and lost. 
It is also impossible to construct, at a 
reasonable cost, an efficient timber groyne 
extending beyond low water mark, and, as 
pointed out before, this is a most important 
part of the shore, and a part where a great 
quantity of material is usually in movement. 
Many methods of extending beyond low 
water mark have been tried, with varying 
success, and it has been amply proved that 
an efficient groyne, if so extended, will pro- 
duce excellent results. 

The use of round or H section iron piles, 
driven at intervals, and having the soe 
between closed by weighted planking sliding 
freely between the piles, was one of the first 
methods tried and it produced good results. 
The planking had iron check plates bolted 
to the ends to slide on each side of the 
piles, and to add weight to sink the planks ; 
a saddle-shaped concrete block was placed 
on the top of the planking, asthe iron alone 
was not sufficient. These blocks were 
found to wash off, and then the planking 
became displaced. Inverted iron channels 
were next fixed on the top of the “ sections ”’ 
—as these sliding pieces were called—but the 
weight was not sufficient to ensure safety. 
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The next and most successful 
method tried was forming the sec- 
tion with only a top and bottom 
plank, held together by the iron 
plates at the ends, and leaving a 
space between. The top plank was 
about 7 in. wide, the space about 
g in., and the bottom alah II in., 
cut to a V shape on the bottom edge 
so as to sink into the sand. The 
space was filled with a slab of 
reinforced concrete, cast in posi- 
tion, and running the full length of 
the section. This was the type of 
groyne used at Preston to extend 
across the site of the rocks which 
had been blasted away, a photo- 
graph of which appeared in a 
previous article. 

As stated before, they were most 
efficient as groynes and collected a 
great quantity of sand. The ex- 
perience gained with these pointed, 
however, to the conclusion that 
wood must be eliminated entirely 
from groynes intended for such 
work. 

Asa result of this I have recently 
designed a form of groyne, con- 
structed entirely of reinforced concrete, 
which, I think, overcomes most of the 
difficulties met with in timber groynes. It 
is intended to replace wooden groynes both 
on the fore shore and for extensions beyond 
low watermark. 

Fig. 6 will explain the construction of this 
groyne. It consists of reinforced concrete 
piles of about 12 in. square, having a 
deep groove cast down two opposite sides 
of each pile. In the grooves of each pair 
of adjoining piles, a reinforced. concrete 
slab, about 6 in. thick, slides. The re- 
inforcing bars are so arranged and tied 
together in the piles as to thoroughly sup- 
port the jaws of the groove against the 
pressure of the slabs, which latter have their 
irouwork embedded so as to resist pressure 
from either side. No iron is exposed, and the 
concrete affords a perfect protection against 
rust, when properly made and rammed. 

The piles may either be driven or set in 
concrete, according to the nature of the 
shore, and when fixed in position, the slabs 
are dropped into their grooves between 
them. It will be seen at once that these 
groynes can be easily erected, either on the 
dry foreshore or beyond low water mark, 
wherever the piles can be driven. 

Some of the advantages of this material 
and form of construction are :—Immunity 
from attack by “the worm” and from 
decay, as the concrete becomes stronger 

















with age; automatic adjustment to under- 
runs, and the absence of the necessity for 
embedding the slabs, which take the place 
of planking, deeply in the shore, as if scour 
occurs they sink in their grooves of their 
own weight. The high ‘specific gravity 
renders the structure more stable. . The 
groynes can be raised as accumulation takes 
place, either by sliding the slabs up in their 
grooves by means of a small shear or 
trestle and blocks, or by adding further 
slabs. The piles themselves can be raised 
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to any desired extent by breaking away 
the concrete from the heads of the piles 
and exposing the reinforcements, adding 
other bars, and casting another length on 
to each, in an ordinary wood or sheet iron 
mould. Numbers of reinforced piles have 
been lengthened in this way, with the most 
satisfactory results. Finally, the cost of the 
reinforced concrete groyne is about the 
same as that of timber, and very much less 
than that of groynes constructed of ordinary 
mass or block concrete. 





Results of Recent Experience in the Bacterial 
Treatment of Sewage.— III. 


By W. H. MAXWELL, A.M.Inst.C.E. 


Definition of various means of final 
purification.—In their present state of 
development, such beds may be broadly 
regarded as of two classes, distinguishable 
mainly by variations in the mode of working 
rather than by any very great differences in 
their structure. The essential distinction 
lies in the fact that the ‘‘ contact bed” fills 
with sewage from the bottom upwards, and 
simply lies in contact with the contained 
material for a definite period, during which 
bacterial action on the sewage takes place; 
the liquid is then drawn off and the bed 
allowed to “rest ” for a fixed space of time 
before receiving the next charge. In the 
case of what are known as “ flow filters” 
the liquid passes through from the top 
downwards, and is not brought to rest in 
the bed. They are worked either on the 
“streaming” principle or as “trickling 
filters ’’—the latter being by far the most 
general method. In the “streaming” filter 
the water stands on the top of the bed and 
gradually passes through to the outlet in 
the same manner as a waterworks filter, 
whereas in the case of the “trickling” 
method the liquid is not permitted to flood 
the bed, but is showered upon the surface 
with as even a distribution as possible, and 
so drips or percolates through the layers of 
the bed to the outlet. This spraying on of 
the liquid is sometimes worked continuously 
and sometimes intermittently. 
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The materials contained in the sewage 
bacteria bed are not intended for the 
mechanical filtering of the liquid passed 
through, but for the purpose of affording an 
adequate nucleus throughout the body of 
the contained liquid around which the 
aérobic micro-organisms may be cultivated, 
in other words, the interstices of the 
material (say clinker) form a suitable nidus 
for the aérobic organisms which develop 
rapidly whilst the bed is “ resting,” and, 
when the sewage next comes in ‘‘ contact ”’ 
with the clinker coated with these cultiva- 
tions, the organisms thus cultivated bring 
about the desired nitrification in the sewage. 
The design of the bed must therefore aim 
at the provision of favourable conditions 
for the rapid development of the organism 
required to effect this final stage of the 
process of purification. 

Since 1893, when the first beds on the 
‘**contact”’ principle were put down at the 
Barking outfall by the Metropolitan Main 
Drainage Committee, this method of final 
treatment has very largely developed, and 
much useful practical experience has been 
gained. As a development out of this 
system the “flow” filters or percolating 
beds have of recent years engaged a large 
amount of attention, and are now becoming 
fairly general. 

Whether contact or percolating beds 
are employed for the final stage, experience 
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has shown that a preliminary preparation 
of the sewage is necessary for the reduction 
of the solids and to prevent choking or 
reduction of capacity of the beds. 

Contact beds in several instances were 
first constructed by simply excavating for 
the bed and refilling with burnt ballast, 
consisting, in cases where considered suit- 
able, of the material so excavated. There 
are, however, many objections to this plan. 
In the first instance such beds can seldom 
be either made or kept water-tight, as rats 
and moles burrow through the sides and 
bottom; the unpurified sewage leaks from 
one bed to the other and finds underground 
courses and outlets. The materials within 
the beds should be of a permanent character 
and not easily pulverised or reducible by 
sinkage or crushing, or the beds rapidly 
lose capacity and choke, owing largely to 
insufficient aération through the body of 
the bed for the proper development of the 
necessary bacterial life. Burnt ballast can- 
not be regarded as a satisfactory material 
for the purpose. 

In the construction of the biological 
contact bed it must be remembered that 
its object is to deal with a foul liquid con- 
taining but little free oxygen and large 
quantities of oxidizable organic matter, the 
oxidation of which is effected through the 
agency of living organisms requiring an 
adequate supply of air. The new bed con- 
tains no such organisms, but the sewage 
itself contains the necessary bacterial life 
for its purification. As this developes the 
bed is gradually brought into a state of high 
efficiency, as shown by the presence in the 
effluents of increasing proportions of nitric 
acid. After a sufficient contact the emptying 
of the bed from below has the effect of 
drawing a further supply of air into the 
interstices of the material at each period of 
rest. 

This “ resting’ of the bed, say for twelve 
hours out of each twenty-four, is one of 
the distinguishing features of the mode of 
working a bacterial bed as compared with 
the earlier sewage and waterworks filtcrs, 
the action of which was formerly regarded 
as wholly mechanical. If the bed be worked 
at a high speed without sufficient daily rest 
the effluent may remain good, but the 
capacity of the bed will be reduced by the 
rapidly increasing bacterial growths, which 
cause the bed to become too spongy and 
prevent its liquid contents from draining 
away. Thus, a decrease of capacity is 
accompanied by an increase in efficiency, 
ust as is also experienced in the use of a 
waterworks sand filter as the gelatinous 
growths develop on the surface of the 


sand. If, however, the growths within the 
contact bed become so great as to interfere 
with the practical utility of the bed, these 
will be rapidly consumed by giving the bed 
a long rest of from one to two weeks, at the 
end of which its capacity will be greatly 
increased. A longer period of rest than 
this is not advisable, as the slimy growth or 
bacterial jelly coated upon the material of 
the bed tends to dry up and so to inhibit 
the activity of the micro-organisms. In 
winter, too, their action is diminished when 
deprived of the heat of the sewage during 
prolonged periods of rest. When once a 
bed is matured it is better, therefore, to 
relieve the work upon it by reducing the 
number of fillings per day than to put it 
out of use altogether when not required for 
the volume of sewage to be dealt with. 

The period of time during which sewage 
should stand in contact in a bed has an 
important bearing on the area of beds 
required for any given volume. The 
ordinary eight-hour cycle of operations 
allows one hour to fill, two hours resting 
full in contact, one hour to empty, and four 
hours resting empty for aération. Experi- 
ence shows, however, that, although this 
round of operations may be regarded as a 
fairly average condition of working, it 
admits of considerable modification in 
individual circumstances. The age of the 
beds and the strength of the sewage treated 
are important factors of the case. In the 
case of the Manchester half-acre contact 
beds— 


“Owing to indifferent results obtained from 
certain of the beds during the earlier stages of 
working, the experiment was tried in one case of 
submitting the tank effluent to a very long contact, 
up to twenty-four hours or even more, three fillings 
only during the week being allowed. A surprising 
amount of purification took place and non-putre- 
factive filtrates were obtained, although but little 
nitrification took place. The time of contact was 
gradually reduced from twenty-four hours to twelve 
hours, then to six, and finally to two hours, which 
is the usual time of contact at present allowed 
on the matured beds, though at times, when the 
sewage is dilute, one hour’s contact is found to be 
adequate. This method of bringing the beds into 
work has been adopted with other beds as they 
came into use, the duration and the number of 
fillings per week being dependent to some extent 
on the season and on the dilution of the sewage. 
It has been found, as might be expected, that the 
beds mature most rapidly during the summer 
months, The time of contact may also be decreased 
and the number of fillings increased when the 
sewage is dilute.’ * 


Experience has been obtained in many 
quarters in support of shortening the period 


* Dr. G. J. Fowler on “Recent Experience in the 
Treatment of Manchester Sewage.” 
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of contact; in fact, there are good grounds 
for believing that, in the case of matured 
beds, a contact of over two hours is dis- 
tinctly barmful, though, of course, there 
may be exceptions due to the special nature 
of the sewage treated. In any case, there 
is apparently but little doubt that the period 
of rest is of greater importance than that of 
contact. The beds, too, should be filled 
and emptied quickly. If the filling is slow 
it is obvious that the sewage first turned in 
has a much longer contact than that entering 
when the bed is nearly full. The entry of 
the sewage may, therefore, be as rapid as 
practicable, subject, of course, to the con- 
venience of distribution. The emptying of 
the bed should also be quickly done, though 
not so rapid as to bring away too much 
suspended matter in the effluent. The 
effect of slow filling and emptying is to 
keep the bottom of the bed water-logged 
for a much longer time than the upper parts, 
and so to prevent its thorough aération, 

On the whole about half-an-hour for fill- 
ing, one hours’ contact, with half-an-hour or 
a little more for emptying may be taken as 
a satisfactory cycle, subject of course to 
modifications to suit the requirements of 
special sewages under treatment. Assum- 
ing a maximum of six hours rest this will 
allow three fillings per day, or if amaximum 
of four hours’ rest only, four fillings in the 
twenty-four hours. 

The length of time required for a new bed 
to mature varies greatly and is found to 
depend upon the nature and strength of the 
sewage, and upon the temperature prevail- 
ing or season of the year. In some cases 
it has been barely more than a matter of 
days, in others it has taken about three 
weeks, whilst in some instances as many 
months may be occupied in the develop- 
ment of the necessary growths. Provided 
adequate precautions are taken, as by the 
use of detritus chambers, to exclude in- 
organic substances such as road grit, &c., a 
bacteria bed when once started, if in- 
telligently worked, should continue to im- 
prove and deal with increasing quantities 
of sewage after the initial reduction of 
liquid capacity inseparable from a new bed 
has been passed. 

Liquid capacity of contact beds. — The 
question of the permanent liquid capacity 
of contact beds is one of considerable im- 
portance as affecting the practical working 
of the system as well as the initial outlay in 
area of beds and subsequent working ex- 
penses in renewal of the material. There 
is no doubt that the reduction of capacity 
first observed in the early experience of the 
working of contact beds led to some rather 


extravagant calculations purporting to 
demonstrate the shortness of life of such 
beds. In many cases the trouble proved to 
be due to the use of unsuitable and im- 
properly graded materials and to the lack 
of appreciation of the distinction between 
the loss of capacity which takes place whilst 
the bed is getting into condition and that 
which can be regarded as a_ genuine 
‘‘sludging up” of its interstices. Later 
experience has shown that a regular work- 
ing capacity of about 33 per cent. of the 
cubic contents of the bed can be relied 
upon—a proportion which has been adopted 
by the Local Government Board as a 
requirement in the design of new schemes. 

Upon the first filing of a new bed its 
liquid capacity may be well over 50 per 
cent. of the total cubic contents, but this 
proportion will gradually decline as the bed 
comes into working condition. The loss 
will be due to the liquid required to saturate 
the material and to that held therein by 
capillary attraction. A further important 
loss will be that due to spongy bacterial 
growths within the bed. These, under 
excessive working, may become so great as 
to necessitate special periods of rest, during 
which the bed will be speedily relieved. 
This periodic resting is necessary in order 
to keep the growths within proper limits. 

From observations taken during the Man- 
chester experiments* it was concluded that 
the initial capacity of a contact bed is 
practically uninfluenced by the grade of 
material with which the bed is filled; that 
there is a rapid decrease in capacity during 
the earlier period of working, but a practi- 
cally constant capacity is reached after the 
beds have been in use a short time. A 
marked increase of capacity is noticeable 
after the bed has rested for several days, 
owing to more complete drainage and to 
removal by oxidation of much of the organic 
matter accumulated within the bed. 

There are many causes which contribute 
to the loss of capacity in contact beds, 
many of which may be avoided whilst 
others cannot. All substances which are 
irreducible by bacterial action should be 
kept out of the bed as far as possible, in- 
cluding inorganic matters such as sand, 
road detritus, &c., by intercepting them in 
a grit chamber. Other matters accumulate 
within the beds after long periods of work 
consisting of a sort of burnt out residue of 
the bacterial action akin to humus or 
garden soil which cannot be further re- 
duced. A similar result is observed in the 


* Expert’s Report on Treatment of Manchester Sewage 
1899). 
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deposit of septic tanks being apparently 
the residue of the bacterial changes which 
have taken place. 

The pulverising and consolidation of the 
material of the bed isa very fruitful cause of 
loss of capacity, and this leads also to im- 
paired drainage of the bed. Loss of capacity 
will also result if more organic solids are 
brought on to the beds than can be reduced. 
This may readily result from vegetable 
matters, fibre, &c., which dissolve slowly 
and so tend to accumulate in the bed. 
These, as far as possible, should be held 
back for reduction in the septic tank. 

Insufficient under drainage or inadequate 
provision for aeration of the bed will also 
hasten loss of capacity and choking. 

Insoluble matters may be largely retained 
on the surface of the bed by using a layer 
of finer material on the top, the upper por- 
tion of which may be skimmed off from 
time to time as necessary, and the surface 
periodically loosened by means of a fork. 

Continuous filter for cleansing effluents from 
sand-washing plants at waterworks.—For the 
purpose of purifying dirty effluents from a 
sand-washing plant at a public waterworks 
the present writer installed a small filter 
some few years ago constructed mainly of 
fine ashes from boiler-furnaces, which has 
worked very successfully indeed as a flow 
filter and rapidly converts a very black look- 
ing slimy water into a perfectly clear and 
satisfactory effluent before discharging into 
a small stream. The topinch or so of ashes 
is scraped off from time to time and fresh 
ashes replaced as required. The dirty 
ashes removed has proved to be a very 
powerful fertilizer and a luxuriant growth 
of vegetables is obtainable therefrom. 

Depth of contact beds.—Although some 
latitude is permissible in regard to the 
depth to which contact beds should be 





(To be continued.) 


constructed it would appear that a depth of 
from 4 ft. to 5 ft. is the most generally suit- 
able. A good deal will depend on the fall 
available in any given case and the relative 
cost and areas required for shallow and 
deep beds respectively. At Exeter, nitri- 
fication was found to be most active in the 
body of the filter rather than at the top or 
bottom and the greatest purification took 
place at the depth of 3 ft. down. Shallow 
beds of 3 ft. depth were tried at Leeds but 
the results were not so good as in the case 
of deeper beds. The greatest depth used 
was 6ft. A contact bed of as much as 
13 ft. in depth is in use by the London 
County Council, the object being to test 
the possibilities of dealing with large quan- 
tities of sewage on a small area. This 
filter is referred to by Dr. F. Clowes in, his 
third report to the London County Council 
in the following terms, viz. :— 

‘* The purification effected by this bed, as judged 
by the removal of dissolved organic matter, was 
practically equal to that obtained by the 4 ft. bed. 
There is no reason why a deep bed should not give 
as good results as a shallow bed, provided that it is 
as well aerated during the periods when it is empty. 
Experiments have been already reported which 
proved that even the bottom of the 13 ft bed was 
well supplied with oxygen, The effluent from this 
deep coke bed has been usually slightly turbid; 
it possessed only a faint earthy smell, and it was 
capable of supporting fish life.” 

At Manchester, it is interesting to note, a 
shallow bed of only 15 in. depth was tried 
with good results. In evidence before the 
present Royal Commission on Sewage Dis- 
posal, Dr. Fowler mentions that ‘“ the bed 
drains so rapidly and you get it very easily 
aérated, and certainly my own preference 
would be for shallow beds, supposing you 
had a sufficient area of land.” ‘The experi- 
ence gained in working this 15 in. bed with 
storm waters proved “‘ very encouraging.” 




















Recent Examples of Concrete-Steel Construction. 


By W. NOBLE TWELVETREES, M1.Mech.LE. 


—>—. 


EMEMBERING that reinforced con- 
crete construction was first 
employed in Great Britain, it 
is surprising to find that the 

scientific combination of concrete and 
steel finds so few supporters among 
professional engineers. 

The idea of combining the useful 
qualities of iron and steel with those of 
concrete was never taken up seriously 
in this country, and, like many others, 
it has now come back to us in the guise 
of a foreign invention. Architects, who 
are not invariably credited with readiness 
to adopt new methods, have evinced 
much interest in concrete steel, but 
engineers as a class seem to entertain 
feelings of distrust as to the strength 
and durability of the two materials 
when used together, while pinning their 
faith to each of them when applied 
separately. 

With the object of illustrating the 
suitability of concrete-steel to different 
types of structural work, examples of 
some notable works recently executed 
n this country will be described. 


The North Eastern Railway Goods 
Station and Warehouse, New=- 
castle-on-Tyne. 


This building, nownearing completion, 
constitutes the finest and most impressive 
demonstration hitherto available of the 
of the advantages of reinforced concrete 
construction to railway companies. In 
point of size, the station is smaller than 
the immense warehouses built alongside 
the new dock of the Manchester Ship 
Canal. It possesses other characteristics, 
however, that are far more striking, the 
most noteworthy being the exceedingly 
heavy loads carried by the columns and 
floor systems. How great these are may 
be realised by the statement that, in 





addition to the dead load, the main floor 
is designed to carry the moving load of 
six goods trains, and to withstand the 
vibratory stresses due to the working of 
heavy cranes, turntables, and other 
machinery. 

The new building is situated at New 
Bridge-street, near the former terminus 
of the Blyth and Tyne Railway Com- 
pany now merged in the North-Eastern 
system. It forms one item of a com- 
prehensive scheme for looping up the 
various connections of the North-Eastern 
Railway in and about Newcastle. New 
Bridge-street passenger station will no 
longer be a terminus, as the coast lines 
are to be joined up with the main lines 
north and south running into the Central 
Station. To provide for the execution 
of the project, it was necessary to acquire 
and demolish a large area of property in 
the Manors district, part of the land so 
rendered available being reserved for the 
new lines, and the remainder for the 
purposes of a new goods depot, in which 
the building here under consideration is 
a most important part. 

In addition to station accommodation, 
provision is made on a large scale for 
warehousing general merchandise, and 
for the storage of flour, The main 
dimensions of the building are 430 ft. 
long by 178 ft. 4 in. wide by 83 ft. 4 in. 
high from the basement floor to the top 
of the parapet. 

Fig. 1 is a plan of the basement floor, 
and Fig. 2 a plan of the ground floor. 
The basement is designed for use as a 
low-level goods station with four tracks 
for trains, and ample space for dealing 
with inward and outward goods. On 
the ground floor, designed as a high- 
level goods station, there are six sidings 
into which trains will be run, and power- 
ful hoists (H H) furnish means of trans- 
ferring trucks from one level to the other. 
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For dealing with merchandise there are 
provided in the basement two electric 
cranes (D D), revolving around pillars, 
and two overhead revolvingand travelling 
electric cranes (E FE). On the ground 
floor there are two radial electric wall 
cranes (F F), two overhead revolving 
and travelling electric cranes (X X), as 
well as turntables and capstans for the 
manipulation of wagons. 

The equipment also includes other 
ingenious types of electrically-operated 
apparatus for the economical handling 
of material, some of which are shown in 
Figs. 3 and 4. 

The upper floors are intended for 
storage purposes, and a portion of each 
upper floor is prepared with inclined 
floors for the reception of flour, as repre- 
sented in Fig. 3, which is a cross section 
through Figs. 1and 2. The flat roof is 
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available for crates and packages not 
requiring protection from the weather. 

The flour storage, illustrated in Fig. 3, 
is capable of holding 2,100 tons or 16,800 
twenty-stone sacks. The hoist (/) lifts 
and lowers, and travels between (N) and 
(O), the hoist (P) lowers only. Fig. 4 
is another section through Figs. 1 
and 2, in which, besides the cranes 
on the basement and ground floors, are 
shown the travelling conveyor (O O) for 
lifting and lowering at (HW H H H) and 
other points on each floor. Although 
brief, the foregoing notes are sufficient 
to convey an idea of the admirable 
manner in which the new station and 
warehouse building has been equipped 
with the most modern labour-saving 
plant. 

Turning now to structural features, it 
will be seen on reference to Figs. 3 


mi 





+) 


1 
+] 




















>] 









Wh 
a4 
ab ath 
Bie 





























RECENT EXAMPLES OF CONCRETE-STEEL CONSTRUCTION. 








and 4 that the floor spans in the upper 
stories are reduced to 14 ft. 11 in. from 
centre to centre by the small columns 
which are carried on the main longi- 
tudinal girders of the first floor. These 
girders are supported in turn by the 
arched transverse beams, and vary in 
dimensions according to position, some 
of them projecting 2 ft. g in. and others 
3 ft. 3 in. below the under surface of the 
floor slab, the width varying between 
15in.and 18in. The intermediate longi- 
tudinal girders shown in the section 
are 12 in. wide, and project 2 ft. 3 in. 
below the floor slab. 

One of the most interesting features 
is the series of arched beams spanning 


FIG. 3. 


a 


the distance of nearly 180 ft. from wall 
to wall, with the intermediate support 
of three columns. Similar beams extend 
across the building at regular intervals 
of 33 ft. centre to centre. The two 
outer spans of each series measure 37 ft. 
2 in. between the centre lines of the 
supports, and the two inner spans §2 ft. 
from centre to centre. The girders 
measure I ft. 6 in. wide, 9 ft. deep at the 
springings, and 3 ft. deep at the crown. 
These are by far the longest span con- 
crete-steel girders ever built in this 
country, and they have only been sur- 
passed in a few isolated instances in 
other parts of the world. The test load 
specified for the girders was 400 tons, 
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but at the time of writing the official 
tests have not yet been made. 

Probably many of our readers will 
find in the ground floor a still more 
striking testimony to the adaptability of 
concrete-steel. This floor is carried 
entirely by reinforced concrete columns, 
and includes three spans measuring 
35 ft. 3 in., 24 ft. 3 in., and 27 ft. g in. 
respectively, on either side of the major 
axis of the building. 

The wall columns rest upon massive 
foundations of concrete, which also serve 
the purpose of retaining walls, and their 
inner faces form the side and end walls 
of the low-level station. The interior 
columnsin each transverse rowterminate 
in bases of triangular elevation, one in 
the centre being 15 ft. 6 in. square, the 
two small bases on each side of this 
7 ft. square, and the two outer bases 
14 ft. square in plan. The columns 
supported by these bases have cross 
sections in the low-level station of 3 ft. 
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4 in., 1 ft. 6 in., and 2 ft. respectively. 
In the high-level station the three 
columns which are continued upwards 
for the support of the arched girders 
previously described have the uniform 
cross section of 2 ft. square with capitals 
for the support of longitudinal beams, 
upon which are fixed rails forming tracks 
for the travelling cranes, as shown in 
Fig. I. 

In the floor system immediately above 
the low-level station, the transverse 
girders, spaced 33 ft. apart centre to 
centre, are 1 ft. 6 in. wide by 2 ft. g in. 
deep, two portions of the girders on the 
inner side of the outermost row of 
columns being raised so as to form plat- 
forms for handling merchandise. The 
longitudinal girders of the same floor 
system are I ft. wide by 2 ft. 3 in. deep, 
and the spacing varies according to the 
requirements of the spans, from 4 ft. to 
nearly 7 ft. These girders are mono- 
lithic with the columns, and the whole 





FIG, 5.—NORTH-EASTERN RAILWAY NEW BRIDGE STREET STATION. VIEW UNDER PART OF FIRST FLOOR, SHOWING 
ARRANGEMENT OF BEAMS UNDER ONE OF THE TURNTABLES. 




















system is connected by a floor slab, g in. 
thick, forming a compression flange 
common to the network of beams. 
Upon and partly embedded in the slab 
are sleepers carrying the various rail 
tracks, and the floor surface of the high- 
level station is formed by a layer of 
concrete 6 in. thick. 

Owing to the necessity for adopting 
long spans to avoid interference with 
the conduct of traffic in the sub-station, 
the loads coming upon the columns are 
exceptionally heavy. This will be 
realised when it is stated that the 
ground floor was calculated for a dead 
load of 336 lb. per square foot in addition 
to the moving load of railway traffic. 
As each loaded waggon may represent 
a dead weight of more than 42 tons, the 
total weight on the floor will be very 
large, and the dynamic effect of moving 
trains, and the handling of heavy 
merchandise and the operation. of 
machinery will add very considerably 
to the strains to be resisted. 

In March, 1905, two panels of the 
floor were tested under the supervision of 
the architect, the dimensions from centre 
to centre of the supports being 27 ft. 
g in. by 50 ft., and 35 ft. 2 in. by 50 ft. 
respectively. 

On the basis of 336 lb. per square 
foot, the test load for the 27 ft. g in. 
span was equal to 460,000 Ib., but as a 
matter of tact the specified weight was 
exceeded by 45,000 lb., the total weight 
applied being 505,000 lb., or nearly 
370 lb. per square foot. In spite of 
this the maximum deflection at the 
centre of the supporting beam was only 
0°835 in. 

In the case of the 35 ft. 2 in. span, 
the specified test load was about 
573,000 lb., an amount that was ex- 
ceeded in the official trial by 37,000 lb., 
equivalent to a total load of 610,000 Ib., 
or nearly 360 lb. per square foot. 
Nevertheless the maximum deflection 
of the beam at the centre was only 
0°312 in. 

The measuring instruments employed 
for the purpose of registering the deflec- 
tion during the loading and unloading 
of the floor panels indicated that the 
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beams began to return to their original 
form as soon as unloading was com- 
menced, thus demonstrating the positive 
elasticity of the construction. 

Fig. 5 is reproduced from a photo- 
graph taken in the low-level station, and 
shows the general arrangement of the 
beams supporting the floor in the station 
above, and also the arrangement of the 
floor beams beneath oneof the turntables. 

The station and warehouse, here 
briefly described, at Newcastle was de- 
signed by and erected under the super- 
intendence of Mr. W. Bell, F.R.1.B.A.,, 
the architect to the North Eastern 
Railway Company. The entire building 
is of ferro-concrete, and was constructed 
in accordance with the “ Hennebique ” 
patents, for which Mr. L. G. Mouchel, 
M. Soc. Ing. Civ. (France) of West- 
minster, is the general agent in this 
country. 


Tuckton Bridge, Bournemouth. 


Incidental mention was made in a 
recent issue* of the new highway bridge 
rendered necessary by the extension of 
the Bournemouth system of electric 
tramways. We now give fuller details 
of the bridge, which is the first concrete- 
steel structure of the kind in this 
country, and was built by the York- 
shire Hennebique Contracting Company 
from the designs of Mr. F. W. Lacey, 
M.Inst.C.E., the borough engineer of 
Bournemouth. 

The bridge crosses the River Stour 
at Tuckton Creeks, and carries the 
double-track tramway route from 
Bournemouth to Christchurch. The 
former bridge, a timber structure on 
iron piers, was too narrow for modern 
requirements, and far too light for 
heavy tramway traffic. Consequently, 
it was purchased for the sum of 
£15,000 from the proprietors, the 
Tuckton Bridge Company, with the 
object of demolishing and replacing it 
by more suitable means of cross-river 
communication. 

Operations were commenced about 
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FIG. 6.—TUCKTON BRIDGE AT BOURNEMOUTH. 





April last year, when 
half of the old bridge 
was taken down, the 
other half being retained 
for the conduct of traffic 
during the operations of 
the contractors. The 
total length to bespanned 
from bank to bank was 
353 ft. 5 in., and as will be 
seen by the longitudinal 
elevation in Fig. 6, this 
distance is covered by 
twelve segmental arches 
and two semi-arches, one 
at each abutment. At 
the deepest part of the 
river channel there is a 
41 ft. 2 in. span, all the 
other arches having the 
span of 25 ft. 6 in., the 
two semi-arches measur- 
ing 14 ft. 9 in. and 16 ft. 
3 in. respectively from 
the springing to the outer 
end. 

The substructure is 
formed of 15 in. square 
concrete-steel piles of 
the usual “‘ Hennebique” 
type driven in three 
longitudinal rows, the 
spacing of which accords 
with the spans of the 
different arches, and the 
rows are spaced 8 ft. g in. 
apart centre to centre as 
shown in the horizontal 
and vertical sections. 
The piles are driven to 
different depths accord- 
ing to the bearing power 
of the earth, the two 
outer rows being joined 
at the top, longitudinally 
by the arch ribs and 
transversely by arched 
tie-beams, which serve, 
together with secondary 
beams and the road slab, 
to connect the whole 
construction into a 
rigid framework. The 
width between the outer 

















surfaces of the piles is about 1g ft., but 
the total width of the bridge is increased 
to 29 ft. 6 in. between the parapets 
by two‘series of cantilever arms spaced 
4 ft. 3 in. apart, supporting two 6 ft. 
footways, between which is the road- 
way 17 ft. 6 in. wide carrying the two 
lines of tram-rails. 

The 41 ft. 2 in. arch was struck with 
a radius of 47 ft. 6 in., the 25 ft. 6 in. 
arches and the semi-arches were struck 
with a radius of 20 ft. The arch ribs 
were formed with openings in the 
haunches serving to reduce weight and 
adding considerably to the lightness and 
elegance of the structure. 

All the arch ribs are about 5 ft. 3 in. 
deep at the springings, and 2 ft. 3 in. 
deep at the crown by g in. thick. The 
arched tie-beams connecting the piles 
transversely are 3 ft. g in. deep at the 
springings, by 1 ft. g in. deep at the 
crown, by g in. thick, the intrados 
being segmental and struck with a 
radius of 4 ft 3 in. 

Between each group of three piles in 
the 25 ft. 6 in. spans, the arch ribs are 
braced laterally by two transverse tie- 
beams g in. wide by 14 in. deep, and 
each group of piles is connected longi- 
tudinally with the adjacent groups by 
four secondary beams 6 in. wide by g in. 
deep. Over the system of supports 
formed by the upper surfaces of the 
arch ribs, the transverse arched beams, 
the transverse rectangular beams, and 
the longitudinal secondary beams, a 
slab of concrete-steel, 6 in. thick, affords 
support for the paving of the roadway 
and helps, to bind the whole structure 
together. The cantilever arms support- 
ing the two footways are about 2 ft. 
deep next to the piles from which they 
spring, and the minimum depth near the 
outer end is 6 in., the thickness of these 
members being 6 in. The floor slab of 
each footway is 5 in. thick, and is con- 
nected with the main structure by a 
course of reinforced concrete extending 
outwards at an angle of 45 degs., as 
may be seen in Fig. 6. 
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Two 3-ton cranes, one on each 
bank, were employed for transferring 
material from the yards to the bridge 
works. 

The following are the working loads 
demanded by the engineer’s specifica- 
tion :—Roadway: Moving load — Two 
12-ton tramcars; dead load—r4o lbs. 
per square foot. Footways: Dead load 
—140 lbs. per square foot. 

On the occasion of the trial, the 
41 ft. 2 in. span was loaded by bags of 
cement stacked on the cantilever foot- 
ways, the total weight on each being 
about 5,200 Ibs., or 210 Ibs. per square 
foot. 

The roadway of the same span was 
tested in three different ways by the aid 
of four tramcars sent for the purpose 
from the Bournemouth depét. Each of 
these cars, with the tare of 12 tons, was 
weighted with bags of cement, car 
wheels, and other materials, bringing the 
gross weight up to 16 tons. 

In the first test three of the cars were 
run upon the span, and being brought 
to a standstill, these constituted a dead 
load of 48 tons, or about 153 lbs. per 
square foot, in addition to 210 lbs. per 
square foot on the footways. The 
observed deflection then did not exceed 
0°125 in. 

In the second test the same loaded 
cars were run across the bridge on each 
track, and then in opposite directions 
on the up and down lines, with the 
result that the deflection recorded was 
about 0°125 in. as before. 

In the third test four loaded cars, 
two on each line, were run over the 
bridge at full speed, crossing each 
other at the centre of the span under 
examination. The deflection was prac- 
tically the same as in the two preceding 
tests. 

These results must be considered 
to be entirely satisfactory, for the 
conditions were certainly far more 
exacting than those due to the heaviest 
trafic that will be conducted on the 
bridge. 














The Design of Engineering Workshops—lIV. 


By H. MUNCASTER, 


HE usual form of base for a 
wrought column is shown in 
Fig. 14. This consists ofa rolled 
steel plate, stiffened by gussets 
and angles, the gussets extending far 
enough up the column to allow as many 
rivets as are necessary to give the. re- 
quired resistance to shearing. The 
rivets fastening the plate to the angles 
are closed in holes countersunk on the 
under side of the base plate so as to 
make a totally flat surface. It is not 
necessary that the base be absolutely 
flat, if, as is generally the case, the space 
between the base and the foundation be 
afterwards filled with cement grouting, 
a little inequality is of no consequence. 
The foundation bolts should, to give 
sufficient rigidity, be arranged to pass 
through the angles as shown, and not 
through the plate alone. Even if the bolt 
be quite close to the angles or gussets 
the plate is not generally thick enough 
to ensure the column being held firmly, 
if the bolts do not also take the angle. 
If the rolled bar by itself be not 
of sufficient stiffness to support the 
load to be carried, it may be supple- 
mented by a plate riveted to each flange 
of the bar as shown in Fig. 14, where a 
g in. by 7 in. H bar is stiffened by 
riveting a gin. by 4 in. plate to each 
flange by # in. rivets about 4 in. pitch. 
It may not be necessary to continue 
the plates to the top of the column, as 
in the example given where the column 
is strengthened throughout the lower 
part to support the load on the gantry 
girder. There is no need to extend the 
plates above the gantry, as the original 
section of the bar is sufficient for the 
duty of supporting the roof, and the 
additional plate would be of no advan- 
tage there whatever. 
In the building from which this ex- 
ample is taken, the columns are spaced 
at 20 ft. pitch centre to centre. As the 





roof trusses are only to ft. apart, a joist 
(shown in section) is fixed from column 
to column to carry the intermediate prin- 
cipal. The joist rests on an angle iron 
cleat riveted to the web of the column. 
The joists are attached to the columns 
by means of two angles at each end, 
riveted to the joist and made to butt 
against the web of the column to which 
they are bolted, the bolts passing through 
the angles at both sides of the column, 
making a very neat and efficient joint. 

A method of forming a bracket for 
carrying a gantry on each side of the 
column is shown in Fig. 15. The 
angles are first riveted to the column, 
then the side plates and horizontal 
angles, and, lastly, the top plates on 
which the girders rest. 

The foot of the column is constructed 
in a very similar way. It is worthy of 
notice that no smith’s work of any kind 
is necessary in this example. In fact, 
the examples of various constructional 
work illustrating these articles show 
almost an entire absence of smithing, 
each part being cut from a straight bar, 
punched or drilled to templet and 
bolted or riveted together as desired. 
The absence of smith’s work is a feature 
of much more importance than may 
appear, as the work is generally ex- 
pensive, and the cost often becomes 
serious, especially where the part has 
to be repeated many times. 

In cases where the demands are of a 
more complex nature, rolled steel joists 
are arranged in pairs or groups, suit- 
ably bound and braced, to fulfil the 
requirements. It is desirable to select 
such sections as can be conveniently 
riveted together by machinery so as to 
cheapen, so far as possible, the cost of 
manufacture. 

As an example of a compound column 
Fig. 16 is given. This is intended to 
carry a gantry girder and a gallery, as 
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THE DESIGN OF 





well as the roof,only one member being re- 
quired to support the latter. The details 
will be readily understood from Fig. 17. 

Fig. 18 gives the details of a column 
of five members. The column is 
arranged to carry a gantry for a forty- 
five ton traveller. In this case it was 
found desirable to give the building con- 
siderable rigidity in a transverse direc- 
tion, as it was intended to swing jib 
cranes to a large proportion of the 
columns. For this and other reasons 
the bases of the column were designed 
with a considerable spread in that direc- 
tion. As there are diagonal bracings 
occurring between alternate pairs of 
columns, the structure was very rigid 
longitudinally. The method of holding 
the gantry girders is worth notice. In 
a long building the expansion and con- 
traction due to the variations of tem- 
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perature of a line of gantry girders of 
iron or steel will be considerable, and 
may cause some trouble if the joints be 
bolted up at the columns iron to iron. 
In the case of the column illustrated the 
gantry girders are made with a small 
amount of clearance between the ends 
when fitted in place. A plate, riveted to 
the side of the upper member, shown on 
the drawing, is bolted to an angle on the 
side of the girder. Any alteration in 
the length of the girder would be allowed 
for in the springing of the plate, while 
the girder would be safely held on its 
seat. The flanges at the ends of the 
girders are fitted with bolts having 
spring washers to allow for the con- 
traction of the girders. 

The column will be suitable for a 
spacing of 25 ft., and a roof span of 
55 to 60 ft. 


(To be continued.) 





Addendum to article “‘ Extension of pt’ Law.’’* 


—@— 


Ir should be clearly understood that this law 
applies quite as well to cases in which the 
index iis less than unity and to those in which it 
is negative as to those in which it is positive and 
greater than unity. In the expansion of gases 
and vapours when the curve falls below the 
hyperbola, which is approximately the gas 
isothermal, the index is positive and greater 
than 1, If the expansion take place, however, 
under rapid heating conditions, the curve may 
lie above the hyperbola and then i is positive 
and less than 1. For all curves lying between 
the hyperbola and a horizontal straight line 
iis + and < 1. For a horizontal straight 
line it is o. For a rising instead of a falling 
curve the index is negative; or, retaining a 
positive value for i, the formula may be written 
(p+P K (v+ V):. Here now so long asi 
is less than 1, the curve is concave underneath, 
and the formula represents very perfectly all 
kinds of stress-straining of solid material, p 
and v being the stress and the strain. For 
‘‘ perfectly elastic’’ stress-strain. we have i = 1 


and P re) V. The same formula, again, 
can be made to represent very accurately the 
ime-straining of semi-plastic material. 

Again with i negative (or positive on the 
right hand side of the formula) and greater 
than unity, the curve bends upwards. It now 
represents the various laws of fluid (gaseous 
and liquid) frictional and viscous resistance as 
dependent upon velocity of flow. For instance, 
taking i as 2 and P and V both zero, it becomes 
the law ordinarily assumed for the wind-resis- 
tance of trains and wind pressure upon 
structures, and assumed also as correct for the 
frictional resistance of water flowing in pipes. 
and channels. It need hardly be mentioned 
that these assumptions made in ordinary 
hydraulic and pneumatic engineering are grossly 
untrue ; but with modification by giving P and 
V proper values and : a fair average value, the 
formula can be made to appoximate much 
more closely to actual fact. 


* Page 241. 











GREAT SOUTHERN AND WESTERN RAILWAY, IRELAND, 


4-6-0 TYPE LOCOMOTIVE, 








Locomotive and 
Railway Notes. 


By CHAS. 8S. LAKE. 
—>—— 


New Irish Locomotives.—One of 
the new 4-6-0 type locomotives designed by 
Mr. Robert Coey, M.Inst.C.E., Locomotive 
Carriage and Wagon Superintendent of the 
Great Southern and Western Railway, 
Ireland, and built at the Company’s Works, 
Inchicore, is shown in the accompanying 
illustration, which will be supplemented in 
the next issue by detailed drawings of the 
design. In adopting for the first time on 
an Irish railway the 4-6-0 wheel arrange- 
ment,* Mr. Coey has not departed from 
his standard practice of fitting all Great 
Southern and Western locomotives with 
inside cylinders and crank-axles, but he 
introduces a new feature of construction 
by utilising the intermediate coupled axle 
for driving purposes instead of following 
the plan adopted on the London and 
North-Western and Caledonian Railways 
with the same type of engine, viz., driving 
the crank-axle of the leading pair of coupled 
wheels. The first-named arrangement is 
unique in British locomotive practice, and 
it possesses undoubted advantages, for by 
its use the neater appearance of an inside 
cylinder locomotive as compared with one 
having outside cylinders and connecting 
rods, is combined with the benefits derived 
from employing the middle pair of six 
coupled wheels as drivers. 

The cylinders in the new engines are 
inclined at a greater angle than usual, so 
that proper clearance may exist between 
the connecting - rods and the foremost 
coupled axle in all positions. An alterna- 
tive method would be to employ a special 
design of bifurcated connecting rod, but, 
seeing that the wheels are relatively small 
in diameter and the axles consequently 
low, the plan adopted by Mr. Coey is 
unquestionably the better one. The slide- 
valves are actuated by Stephenson link 
motion and a rocking shaft; they work 
above the cylinders. The boiler, although 
large, carries a comparatively low working 
steam pressure, and the total heating 
surface is also not so extensive as might, 
perhaps, be looked for in a modern 4-6-0 
type locomotive. The grate area is, how- 
ever, of fair proportions, especially when 





* For engines fitted with tenders. 
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NEASDEN AND GRENDON-UNDERWOOD EXTENSION, 


GREAT CENTRAL RAILWAY, 


WEMBLEY CUTTING, 


LOOKING WeEsT. 


viewed from the ratio to heating surface 
standpoint. It must be remembered, of 
course, that the Irish gauge is 5 ft. 3 in. as 
compared with 4 ft. 8} in. here, a fact which 
makes all the difference when considering 
the proportions of locomotive boilers. 
Altogether the new engines are admirably 
designed, and they mark a decided advance 
in the locomotive practice of Irish railways. 
They will be used for hauling fast goods 
and perishable traffic on the Great Southern 
and Western main line. 
The principal dimensions are as follows: 
19} in. dia. by 26in. stroke. 
sogie dia. » 3 it. 


Cylinders ... 
Wheels, dia. on tread 


Driving, six wheels couple oP a ne Saeee q in. 
Wheelbase, leading bogie - . sam in. 
Bogie centre to leading coup led... oe. 7H. Gin 
Leading coupled to driving ,, ‘ .. 6 ft. gin. 
Driving ‘a » trailing ,, is OOM, 


3 ft. 54 in. 


8 ft. gin. 


Height from rail to chimney top 
centre line of boiler 


” ” ” 


Boiler :— 


Working pressure 160 Ibs. per sq. in. 
Internal dia. of front barrel ring... «. 4 ft. ro} in, 
External maximum width of firebox casing 5 ft. 1 in. 

Length between tube plates = 14 ft. 1} in. 


Copper :— 
Internal length and width at fire- grate 
level nes ree vat .. 6 ft. 4h in, x 3 ft. ro} in, 


Firebo v, 


Tubes, Steel :— 


Number 227 Outside diameter, 1} in. 


Vol. 14.—No. 81, 


Heating Surface :— 


Firebox - ote ine see Bos 133 sq. ft. 
Tubes ‘ia as can ese sie 1,466°75 sq. ft. 
Total ... 1,599°75 $q. 


Grate area, 24°8 sq. ft. Weight of engine, 56 tons 19 “a. 


Tender :— 
Wheels (six), diameter on tread ... a, Se 9 in. 
Wheelbase, 6 ft. 2 in. and 6 ft. 2 in. Tor: al, 12 ft. 4 in. 
Capacity of water tank 3,340 gallons. 
coal space -. 4 tons. 
We ight of tender in workir ng order . 35 tons. 
- » engine ,, ve a 56 tons 19 cwt. 





gI tons 19 cwt. 


Total length over engine and tender buffers, 51 ft. 3} in. 


Wembley Cutting, Great Central 
Railway.—A somewhat detailed descrip- 
tion of the constructive features of the new 
loop line connecting Neasden with Grendon- 
Underwood on the Great Central Railway 
appeared in these notes as long ago as 
October, 1903, but the recent opening of 
the new line for passenger traffic, after it 
had been worked over for some months by 
goods traffic, revives interest in the subject. 

On the Neasden-Northolt section, which 
is 6 miles 30 chains in length, a formidable 
engineering work has been carried out in 
the shape of a deep cutting through the 
clay at Wembley. This cutting, which is 
about one mile in length, has a maximum 
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depth of 6oft. and massive concrete retaining 
walls have been erected on both sides of 
the railway throughout the greater part of 
its length. The retaining walls are faced 
with blue brindle bricks, and have an 
18 in. by g in. brick coping; the greatest 
height of wall being 31 ft. on the north 
side and 15 ft. on the south side of the line. 
The batter of the walls is 1 in 8, and the 
slopes above them are trimmed 3to1. A 
complete system of drainage has been pro- 
vided both at the back and on the surface 
of the retaining walls. For the former 
purpose a series of chases 12 in. square, 
with dry filling, connect with 6 in. pipes 
leading to a drain in front, and surface 
drainage is effected by means of a con- 
tinuous channel behind the coping, whence 
the water flows into a series of catch pits 
fitted with 4 in. earthenware pipes, which 
pass through the wall and communicate at 
the face with 6 in. by 4 in. cast iron down 
pipes discharging into the drain mentioned 
above, which extends along the front of the 
wall at formation level. 

There are four lines of way through the 
cutting, but these converge into two shortly 
after passing a point known as Blind Lane, 
situated about 1} miles from the River 
Brent, which is crossed at the western or 
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PUNCH AND DIE FOR INCREASING NUMBER OF 
STAYBOLT THREADS, 


It is at the 
bridge over the River Brent that the four- 


London side of the cutting. 


track system commences. The annexed 
illustration of Wembley Cutting is from 
a photograph by Mr. G. A. M. Baker, 
A.M.Inst.C.E., Assistant to Mr. Casson, 
who acted as Resident Engineer during the 
construction of the line under Mr. C. A. 
Rowlandson, M.Inst.C.E., Chief Engineer 
to the Great Central Railway. 


Stay-bolts for Locomotive Fire= 
boxes.—Those responsible for the main- 
tenance of locomotive boilers, especially 
where the high steam pressures of modern 
practice are in vogue, will doubtless wel- 
come any measures which tend to improve 
the construction at the point where most 
trouble arises, viz., where the inner fire- 
box is secured to the outer firebox shell. 
Numerous so-called improvements in the 
form and method of fixing stay bolts in loco- 
motive fireboxes have been devised from 
time to time, but the trouble of keeping 
such stays tight and rendering them imper- 
vious to the effects produced by expansion 
and contraction of the plates still seems to 
be as real as ever it was. A method for 
obtaining greater security in this, the 
weakest part of firebox construction, which 
appears to show promise of success, is that 
devised by Mr. J. G. Barnes, superintendent 
of the Locomotive and Carriage Depart- 
ment of the Wabash Railroad, U.S.A. The 
plan is quite a simple one, as will be gathered 
from the following brief description :— 

A small hole is first drilled in the plate 
at the point where the centre of the bolt is 
to come. Then the punch and die are 
applied, and the plate is turned inwards to 
form a socket thus providing a means for 
greatly increasing the number of threads, 
and consequently giving the bolt a much 
firmer hold in the plate than it would other- 
wise possess if the bare thickness of the 
material, of which the latter is comprised, 
were solely relied upon for this purpose, as 
is usual under the circumstances. The 
arrangement illustrated has been adopted 
on the Wabash Railroad, and has proved 
highly successful. It will be noted that the 
head of the riveted bolt is flush with the 
face of the inside plate, thus ensuring pro- 
tection from burning, whilst the larger 
radius under the head reduces the risk of 
fracture at that point. Mr. Barnes is using 
staybolts of the form shown. A thimble is 
screwed into the outer shell plate, the 
staybolt being then introduced. The 
head rests on a ball joint, as shown, and the 
thimble is sealed up with an outside plug, 
leaving a small space between the head of 

















the bolt and the plug for slight movement 
in case of expansion and contraction. The 
method of screwing in the bolt is the same 
as that usually followed for this purpose. 
The drawings herewith reproduced are 
from the Railway Master Mechanic, of 
Chicago. 


Rolling Stock for London Under- 
ground Railways.—Under the above 
heading, a leading contemporary, devoted 
to tramway and railway interests, publishes 
the following statement :— 


“The Underground Electric Railways Company, 
of London, has given an order to the American Car 
and Foundry Company for the whole of the cars 
required for the Charing Cross, Euston, and Hamp- 
stead Railway. The total number of these cars is 
150, of which 60 are motor cars, and go are trailers. 
They will be built of steel, like the cars the same 
makers are supplying to the Baker Street and 
Waterloo Railway, and, as in that case, they will 
be imported in pieces, and the erecting work carried 
out in Manchester. The Underground Railways 
Company has also placed an order with French 
and Austrian builders for all the cars required for 
the Great Northern, Piccadilly, and Brompton 
Railway. These cars, which will also be of steel, 
number 216; of which 72 are motor cars and 144 
trailers. The firms in question are Les Ateliers de 
Construction du Nord de la France, Blanc Misseron, 
France, and the Hungarian Railway Carriage and 
Machine Works, Raab, Hungary. Each firm builds 
one half of the total number of each class of car. 
In regard to the rolling stock for both of the rail- 
ways, the builders of the cars will also construct 
the trucks.” 


It is by no means easy to understand why 
these valuable contracts should be sent 
abroad. Cheapness, added to greater expedi- 
tion in delivery, has doubtless contributed 
towards the framing of a decision, which, 
to the manufacturers of rolling stock in this 
country, cannot be other than disappoint- 
ing. It is true that the Brush Electrical 
Engineering Co., Ltd., of Loughborough, 
built some few of the steel cars for the 
Great Northern, Piccadilly, and Brompton 
Railway, and a fair percentage of the cars 
running on the District Railway were 
also built by the same concern, but the 
fact nevertheless remains that the bulk 
of the later orders have been secured by 
foreign firms. If we are to have American, 
French, and Hungarian rolling stock, 
Belgian rails, and German systems of 
electrical control introduced on the railway 
systems of London, we may as well com- 
plete the picture by importing foreign 
employées for operating the traffic, for at 
the present rate of progress it seems likely 
that in the near future the native element 
will have to be looked for among the 
passengers—or a percentage of them. 
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Locomotive Boiler Pressures.— 
The subject of working steam pressures 
in locomotive boilers was recently dis- 
cussed in a leading American engineering 
journal, views being expressed in tavour of 
using lower pressures than those at present 
adopted in the United States, where 
practice in this respect is similar to that 
of France and certain other Continental 
countries. After remarking that in the 
United States locomotive boiler pressures 
have been nearly doubled in the past thirty 
years, rising from 125 lbs. in 1875, to as 
much as 225 lbs. in 1905, the contemporary 
in question remarks that: 


‘* With boilers well constructed and using good 
water it is possible to work successfully at 200 Ibs. 
pressure, but these conditions are not found on 
many railroads in the United States, there being 
at present a well sustained opinion that high boiler 
pressure has been responsible for many of the 
boiler troubles which have been so generally com- 
plained of in recent years. For shell boilers with 
fire tubes and stay-bolts 200 lbs. appears to have 
over-reached the mark for successful operation...” 


The present boiler in the locomotive 
testing plant at Purdue University, was 
designed for 250 Ibs. pressure, and it was 
built with special care. After 30,000 miles 
running, the firebox side sheets required 
renewal, and the leakage of tubes, stay- 
bolts and foundation ring has been of 
constant occurrence, whilst the effect of 
incrustating solids in the feed water has 
seriously affected the operation of the plant 
at high pressures. 

Dr. Goss, who has been conducting some 
research work on high boiler pressures, has 
already reached the conclusion that the 
attempt to increase beyond the present 
limits now common in steam pressure upon 
American locomotives can only lead to dis- 
appointment. The possible gain is small 
and is likely to be more than neutralised 
by increasing leakage, while the difficulties 
of maintenance and operation multiply. 
He says further that it is not improbable 
that the final results will show that 200 lbs., 
which is generally accepted as the standard 
of to-day, is in our western country too high 
for the best results. 

Apropos of this subject Mr. H. H. Vaug- 
han, addressing a meeting of the Master 
Mechanics convention on the subject of 
superheated steam, spoke as follows :— 


“A possible advantage of superheating has not 
been utilised in application in America, namely, 
a reduction in boiler pressure without loss in 
efficiency, although in Germany this has been 
usual. There is no doubt that the increase of 
pressure from 175 Ibs. to 200 and 210 Ibs. which 
has taken place within the last few years, has been 
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of doubtful advantage. While there is a gain in 
economy this is accompanied by an increase in the 
losses due to leakage both in engine and boiler, and 
by a considerable increase in the cost and trouble 
of boiler maintenance. By superheating, the 
initial pressure becomes of less importance, and 
with the proper amount of superheat it will be 
possible to return to pressures of 175 lbs. or less 
without any appreciable loss in economy, and with 
a relief from those boiler troubles which have 
become more serious as the pressure hasincreased. 
Itis probable that the saving. from this cause 
alone will overbalance any additional expense con- 
nected with the maintenance of the superheater."’ 


Engineers in this country as everywhere 
else know only too well that it is advantage- 
ous to employ the lower pressures wherever 
possible, because of the destructive results 
brought about by higher ones, but - the 
increasing demand forlocomotives of greater 
power have as a natural consequence the 
adoption of high boiler pressures, which 
tend materially to increase economy in 
steam consumption owing to the greater 
range of expansion they provide. A means 
of augmenting the tractive power of locomo- 
tives is presented by employing high steam 
pressures, and that in a country where the 
proportions of locomotive boilers are neces- 
sarily restricted is an important considera- 
tion, and one which leaves the designer in 
many cases without an option in the — 
Nevertheless there seems no reason why 
pressure of 175 lbs. for simple nsec Ming 
and 200 lbs. for compounds should not give 
all that is required in the way of efficient 
working results. 


Recent British Locomotives for 
Service Abroad. —Messrs. Nasmyth, 


Wilson & Co., Ltd., of IJiridgewater 
Foundry, Patricroft, near Manchester, 
have already supplied mM 1-6-0 type 
locomotives to the Eastern Lengal State 
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2-60 TYPE GOODS LOCOMOTIVE 


FOR THE CYPRUS* RAILWAY. 





Railway for working passenger trains on 
the metre gauge sections of the line, which 
have an aggregate mileage of 938} out of 
the total 1,378 miles which go to make up 
the complete system. The remaining mile 
age is comprised of 3843 miles on the 
5 ft. 6 in. gauge, and 55 miles on the 
2 ft.6in. gauge. The new locomotives are 
among the largest constructed for the metre 
gauge; they have outside cylinders 15% in. 
diameter by 22 in. stroke driving the middle 
pair of coupled wheels. The slide-valves 
work above the cylinders, through the 
medium of Walschaerts’ valve gearing. 
The boiler has a “ Belpaire” firebox, and the 
barrel portion is built up of three tele scopic 
rings; it contains 177 tubes of 1} in. 
diameter outside, pitched at 23 in centres. 
These provide 954 sq. ft. of heating surface, 
to which is added 108 sq. ft. contributed by 
the firebox, a total of 1,062 sq. ft. ; the grate 
area is 16 sq. ft., and the working pressure 
180 lbs. per sq. in. The coupled wheels 
have a diameter on tread of 4 ft. 9 in., and 
the bogie wheels are 2 ft. 45 in. diameter ; 
the rigid wheelbase is 12 ft., and the total 
wheelbase (engine only) is 21ft. 1sin. The 
foot-plate is protected by an ample cab 
roofing, and there is an awning over the 
front portion of the tender. Double roofs 
are employed with air spaces between the 
two sheathings. The tender carries 4 tons 
of fuel and 2,000 gallons of water. Engine 
and tender complete in working ordcr 
weigh 55°65 tons. 

The ‘same firm has built a couple of loco- 
motives for working goods trains on the 
Cyprus Government manwey, which is laid 
out on the 2 ft. 6 in. gauge. The engines 
have _three oa of oma 1d wheels and a 
l Ing wheeled truck, the latter with 
outside histone 
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The cylinders are placed outside the 
frames in an inclined position, with the 
slide valves, worked by Walschaerts’ motion, 
above them; the intermediate pair of 
coupled wheels are the drivers. A_ sinall 
four-wheeled tender is fitted. The follow- 
ing are the leading dimensions: 


Cylinders 10 in. diameter by 15 in. stroke. 
Wheels coupled one aes , 2 ft. 3 in. dia. 
- truck ... poe <i oo 392: 306 eo 

Fixed wheelbase bn = ‘ 8 ft. 2 in. 
Total nf (engine)... a 13 ft. r in. 
Total heating surface ... ins ae 368 sq. ft. 
Grate area con = ‘od cad 6 sq. ft. 
Weight, empty ... wal ai 12 tons 15 cwts, 

ag in working order _... 14 tons 5 cwts. 


Messrs. Nasmyth, Wilson & Co., Ltd., 
have also supplied some passenger loco- 
motives for the same railway. These 
have the 4-4-0 wheel arrangement, and the 
dimensions are almost identical with those 
of the goods locomotives given above. Two 
engines of each class were comprised in the 
order. 

The construction of the Cyprus Govern- 
ment Railway was entered upon in Decem- 
ber, 1903, and the first section of the line, 
to Nicosia, was opened by Sir Charles 
King-Harman, K.C.M.G., on October 2ist 
of last year. When completed the railway 
will connect the ancient port of Famagusta 
on the eastern side of the Island of Cyprus, 
with Karavostasi on the western coast. 
The distance between these ports by the 
route chosen is seventy miles, and the line 
will pass through the great central plain 
known as Messaoria Plain, which extends 
from one end of the island to the other. 
This fact has rendered it possible to con- 
struct the railway with a maximum gradient 
of 1 in 100, and a minimum curve on the 
main line of 20 chains radius. British 
standard rails weighing 30 lbs. per yard laid 
on timber sleepers measuring 5 ft. by 6 in. 
by 4 in. have been used for the permanent 
way. Messrs. Baker and Shelford are the 
consulting engineers to the Crown Agents 
for the Colonies in connection with this 
railway, and the resident engineer, Mr. G. 
Bert Day, has taken over the duties of 
General Manager. 

The other locomotive illustrated was built 
by Messrs. Robert Stephenson & Co., Ltd., 
for the Great Western Railway of Argentine. 
It has five pairs of coupled wheels and a lead- 
ing two-wheeled “ pony”’ truck, the cylinders 
being located outside the frames at the rear 
of the truck wheels. The engine was built 
from designs and particulars provided by the 
engineers of the railway, and it is intended 
for hauling the heaviest freight trains on 
the most difficult sections of the line, 
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abounding in steep gradients. The rails 
comprising the permanent way are, for the 
most part, only of moderate weight, so that 
it was thought expedient to distribute the 
adhesion weight over five coupled axles, thus 
reducing the load per axle as much as 
possible. The engine, when empty, turns 
the scale at 70 tons 17 cwts., which is dis- 
tributed as follows:—On leading truck, 
8 tons 13 cwts. ; on leading coupled wheels, 
13 tons 13 cwts. ; on second coupled wheels, 
14 tons; on driving wheels, 14 tons 13 cwts.; 
on fourth coupled wheels, 14 tons 11 cwts. ; 
on trailing coupled wheels, 14 tons. 

In working order the weight of the engine 
without tender amounts to 79 tons Io cwts. 

Walschaerts’ valve gear is employed out- 
side the frames for operating the slide 
valves which work above the cylinders, the 
latter being fixed horizontally and driving 
the middle pair of coupled wheels. The 
boiler centre is g ft. above rail level, the 
barrel being 5 ft. 4} in. dia. outside, by 
14 ft. 7; in. long. It is made up in two 
telescopic rings, the second of which is 
tapered outwards toa diameter of 5 ft. 8} in. 
at the firebox end; the firebox itself is of 
the “‘ Belpaire” type. 

Other leading dimensions are as follows: 


Cylinders. ‘ one «+ Ig} in. dia. 
Piston stroke... ons -. 28in. 
Coupled wheels .. ms «. 4 ft. 3 in. dia. 
Coupled wheelbase ... pine? > 

Total wheelbase sid 27 ft. 2 in. 
Boiler, heating surface 2.440 sq. ft. 


Grate area a «. 368q. ft. 
Boiler, working pressure 180 lbs. per sq. in. 


The boiler is fitted with four 3 in. ** pop” 
safety valves, these being mounted over the 
firebox. Taking the mean effective pressure 
in the cylinders at go per cent. of the boiler 
pressure, the total tractive force is 33°819 lbs. 
when cutting off at 75 per cent. of the piston 
stroke. 

The tender runs upon two four-wheeled 
bogie trucks, the wheels being 3 ft. dia. and 
spaced at 5 ft. between centres. 

From centre to centre of bogies is 11 ft., 
and the total wheelbase of the tender is 
16 it., that of engine and tender combined 
being 53 ft.6in. The total measurement 
over buffers is 63 ft. 98 in. The tender 
weighs, in working order, 45 tons 7 cwts., so 


that the total weight (loaded) of the engine 
and tender is 124 tons 17 cwts. The 
Argentine Great Western Railway is con- 
structed upon the 5 ft. 6 in. gauge. 


“The Railway Club Journal.”’— 
The writer has received a copy of the 
Railway Club Journal which, as its name 
implies, is the official organ of the Railway 
Club, the headquarters of which are situated 
at No. g2, Victoria Street, Westminster, 
S.W. The journal is attractive both in 
appearance and in respect of the matter it 
contains, which deals, ina popular manner, 
with many branches of the railway subject. 

Descriptions of locomotive performances, 
compiled from the personal observations of 
individual members of the Club, and notes 
on progress made in connection with loco- 
motive and railway carriage building are 
supplemented by articles of current interest 
on various railway topics. Not the least 
attractive characteristics of the publication 
are the book review and correspondence 
columns, whilst a decidedly useful feature 
is the list of workson Railway Management, 
Finance, Economics, Reform, &c., appearing 
serially under the heading of “* Notes towards 
a Railway Bibliography.” The articles are 
for the most part well written and to the 
point, and it is not surprising to hear that 
an increasing circulation is being found for 
the journal outside the club membership. 
The Railway Club has attained a position 
of some importance, as is evidenced by the 
fact that among the list of vice-presidents 
are to be found the names of Messrs. A. 
Beasley, General Manager Taff Vale Rail- 
way; C. L. Conacher, General Manager of 
the Isle of Wight Central Railway; and 
R. Weatherburn, M.Inst.M.E., of the 
Locomotive Department, Midland Rail- 
way. The Honorary’ Secretaries are 
Messrs. R. E. Charlwood and M. D. 
Greville. 


English v. American Railway 
Wagons.—The writer regrets that in 
dealing with the above subject in last 
months notes, he omitted to state that the 
source of his information was the Times 
Engineering Supplement. 




















Automobile Engineering Notes. 


By ROBERT E. PHILLIPS, M.L.Mech.E., A.M JInst.CL. 


Using the Engine as a Brake.—This 
much-discussed subject has at last been 
treated scientifically and some definite con- 
clusions arrived at by a series of experiments 
carried out by Dr. W. Watson, D.Sc., F.R.S., 
who recently read a paper on his experi- 
ments before the Automobile Club. The 
engine used by Dr. Watson was a compari- 
tively slow running one, having twocylinders 
of 3°5 in. bore, 4 in. stroke, cranks set at 
180 degs. and working on the “ Otto”’ cycle. 
The engine was coupled by means of a belt 
to an electric motor and the power taken by 
the motor was deduced from readings of a 
standard ammeter and voltmeter placed in 
the circuit. The diagrams were taken by 
means of a“ Hospitalier-Carpentier ” mano- 
graph. A diagram taken when the engine 
was developing its full power, running at 
700 revolutions per minute, showed that the 
mean effective pressure was 87 lbs. per sq. 
in. and the i.h.-p. 5°94. All the braking ex- 
periments were made withthe engine running 
at 590 revolutions per minute and with the 
temperature of the cylinders about 50°C. 
The speed having been adjusted by means 
of a variable resistance in the motor 
circuit, the watts absorbed by the motor 
were obtained by reading the ammeter 
and voltmeter. The watts required to run 
the motor light having been measured, and 
likewise the armature resistance, it was 
possible to deduce the power taken to drive 
the engine. 

The first experiment consisted in measur- 
ing the power required to run the engine 
when no variations in pressure took place 
in the cylinders, the whole of the power 
being absorbed in doing work against the 
friction of the moving parts of the engine. 
In order that the pressure should not appre- 
ciably vary in the cylinders, the plugs over 
the valves were removed, when no measur- 
able change of pressure was shown on the 
manograph. The power required to drive 
the engine was 0°75 h.-p. Next, the valve 
plugs were replaced, the power then re- 
quired to drive the engine in its ordinary 
running condition, with the throttle full 
open, was found to be 1°03 h.-p. Hence, 
deducting the 0°75 h.-p. required to over- 
come friction, there remains 0°28 h.-p. as 





the power expended in sucking air into the 
cylinders, compressing and expanding this 
air very nearly abiabatically, and then 
forcing it out through the exhaust. 

In the next experiment the throttle was 
closed. Under these conditions the i.h.-p. 
was 0°46, and the power requ red to drive 
the engine was 1°22 h.-p. Deducting the 
work done against friction, 0°47 remains as 
the additional power required on account of 
the work done on the air in the cylinder. 

The next two experiments were with the 
compression cocks half open, the throttle 
being closed in the one and open in the 
other. Then followed two experiments in 
which the compression cocks were fully 
open and the throttle closed and open re- 
spectively. The power absorbed in driving 
the engine and the braking effect produced 
in the various experiments is shown in the 
following table :— 


TABLE.—H.-P. AT 590 REVOLUTIONS PER 
MINUTE. 
To After de- 
drive ducting Indi- 
engine. friction. cated. 


1. Nocompression .. 22. O75 — _— 
2. Throttle open oe ee 2°03 0°28 0°27 
3. Throttle closed .. os 3°82 0°47 0°46 
4. Throttle open, compres- 

sion cocks halfopen .. 1°39 0°64 0°70 
5. Throttle closed, compres- 


sion cocks half open .. 1°49 0°74 0'79 
6. Throttle open, compres- 

sion cocks fullopen .. 1°63 0°88 o’9I 
7. Throttle closed, compres- 

sion cocks fullopen .. 1°69 0°94 0°94 
8. Throttle open, exhaust 

valve always shut -. [1°60] _ 0°88 


The last experiment tabulated was with 
the exhaust valve always shut when the 
i.h.-p was 0°85, which corresponds to 1°60 
h.-p. required to drive the engine. From 
this Dr. Watson estimated that if the shape 
of the exhaust cam was altered so that 
instead of opening on the fourth stroke it 
opened on the third stroke the i.h.-p. would 
be 1°65 and the total power required to drive 
the engine 2°40 h.-p. This represents the 
maximum braking effort it is possible to 
obtain with the engine. The experiments 
show that the ratio of the braking power 
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“JAMES AND BROWNE” REDUCING GEAR. 


to the horse-power of the engine is as 
follows :— 
Ratio of 
braking to 
power. 


Power delivered at clutch by the H.P. Percent. 





engine when working “eo ox SF 
Braking effect when throttle is closed 1°22 33 
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Ratio 0 
braking to 


power. 
H.P. Percent. 
Braking effect when 
throttle closed and 
compression cocks open 
Braking effect when ex- 
haust valve is prevented 
from opening 
Braking effect when ex- 
haust valve is opened 
on No. 3 stroke .. 


1°49 40 
1.69 46 


2°40 65 


The maximum braking effort 
which can be obtained at the 
clutch is therefore 65 per cent. of 
the power the engine is capable 
of giving off at the clutch. To 
this, however, must be added the 
losses in the transmission gear 
between the clutch and the road 
wheels, and this loss would de- 
crease the power delivered by the 
engine and increase the power 
absorbed by the engine when 
acting as a brake. Dr. Watson 
assumed this loss in transmission 
at 15 per cent. which brings the 
maximum braking effect up to 88 
per cent. 


“James and Browne” Re- 
ducing Gear.—In our notes of 
January last, we referred to a 
novel form of reducing gear employed by 
Messrs. James and Browne on their com- 
mercial vehicles, by which they are able to 
reduce the ratio between the engine and the 
road wheels while retaining their standard 
gear box and sprocket wheels as fitted 
to their pleasure vehicles. Through the 
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courtesy of Messrs. James and Browne, Ltd., 
we are now able to illustrate this gear, which 
it will be understood is fitted on each end 
of the differential axle. On to the side of 
the frame of the vehicle is fixed a bracket 
A carrying a bearing B for one end of the 
differential axleC. Adjacent to this bearing 
is another bearing D carrying an axle E, on 
the outer end of which is fixed a combined 
sprocket wheel F and brake drum G. Bolted 
to the face of the bracket A is a hollow cap 
H, forming a box for the reducing gear and 
carrying a bearing Dt in an axial line with 
the bearing D. The brake drum G is so 
shaped that it fits over the cap H and thus 
economises space. On the axle E, in the 
space between the two bearings D and D1, 
is a flange J which carries an internal spur 
wheel K with which a pinion L on the end 
of the differential axle C engages. It will be 
seen that this construction and arrange- 
ment of reducing gear has many advantages 
over those now used. Inthe first place, it 
is cheap to construct and apply. It provides 
for simple and efficient lubrication; and it 
enables the gear ratio to be changed within 
limits by the use of sprocket wheels having 
a different number of teeth. 


Electric Heavy Vehicles.— Up till now 
it has rested with the Americans to demon- 
strate the possibility of propelling heavy 
commercial vehicles by electricity, but now 
the Germans are entering the field. In the 
recent exhibition in Berlin a 5-ton electric- 
ally propelled lorry was exhibited by Herr 
Gottfried Hagen, of Kalk. In this vehicle 
all the road wheels are driven by a single 
motor. The batteries, known as_ the 
‘* Hagen,” and which are said 
to be the result of prolonged 
experiments extending over a 
number of years, will propel 
the vehicle with a full load = 
for about 75 miles, at an 
average speed of eight miles 
per hour. The driving me- 
chanism, which cannot well 
be described without an illus- 
tration, is so constructed that 
in turning corners the rear 
driving wheels become dis- 
connected, so that the drive 
is then on the front wheels 
only. 


“The Rolls = Royce” 
Eight-Cylinder Engine.— 
The writer has been favoured 
by Messrs. Rolls & Co. with 
particulars of the eight-cylin- 
der engine employed in the 










AUTOMOBILE ENGINEERING NOTES. 28r 


** Rolls-Royce” ‘“ Legalimit” car. The 
illustrations show a side and end elevation 
of the engine, one-half of the former being 
a section through the valve boxes, and the 
other half a section through the centre of 
the crank chamber. One half of the end 
view is a transverse section through one of 
the cylinders. It will be seen that the 
cylinders are arranged in two rows radial 
to the crank-shaft, at an angle of 45 degs. to 
the vertical and are cast in pairs. They 
are bolted to the crank-chamber which is 
provided with a central bearing for the 
crank-shaft which has four throws, each 
receiving the connecting rods of the opposite 
pair of cylinders. Both the inlet and 
exhaust valves are mechanically operated 
and are arranged vertically side by side, 
each being operated by cams on the half- 
time shafts which are driven by the crank- 
shaft by spur gearing having intermediate 
wheels, so that the cam-shafts rotate in the 
same direction as the crank-shaft. The 
bearing of both crank-shaft and the cam- 
shafts are carried by the upper half of the 
crank-chamber, so that the lower half can 
be removed without disturbing any of the 
mechanism. Forced lubrication, by a pump, 
not shown, is employed for all the bearings. 
The oil is first delivered to the crank-shaft 
bearings from whence it passes, still under 
pressure, through passages in the crank- 
shaft to the cranks, and thus to the big end 
bearings of the connecting rods. 

The advantages accruing from this con- 
struction appear to be many. In the first 
place, the vertical height of the engine is 
reduced, which enables it to be placed 
beneath the driver’s seat, and thereby 
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enables the length of the chassis to be 
reduced without encroaching on the space 
available forthe body. Next, the length of 
the crank-shaft is kept within reasonable 
limits, and is less costly to manufacture 
than would be the case if the eight cylinders 
were placed in one row. And lastly, by 
arranging the valves to work in the vertical, 
the pockets can be kept more compact and 
the lengths of the stems of the valves 
materially shortened, whereby the liability 
to distortion is reduced. 


Running on Snow.—One difficulty 
with heavy motor vehicles shod with metal 
tyres is travelling on roads covered with 
beaten snow or ice, on which the wheels 
not only skid but often so far fail to bite 
the road as to become unmanageable, so 
that a device to prevent such wheels skid- 
ding must come as a boon and a blessing 
to users of heavy motor vehicles. Such a 
device is the ‘‘ Goodwin ”’ snow shoe, manu- 
factured by Messrs. T.C. Aveling & Co., Ltd., 
of Birmingham. The shoe consists of four 


segments, which are hydraulically pressed 
and bedded on to the tyre of the wheel 
with which they areintended to beemployed, 
the said segments being held in position 
by circumferentially arranged clamping 
bolts. Each segment is provided ‘with a 
series of diagonally arranged slots through 
which protrude the faces of rubber blocks 
having flanged bases which are gripped 
between the shoe and the tyre of the wheel. 
One great advantage of this device is that 
it can be adapted to any wheel, as owing 
to the method of construction employed 
each wheel forms its own pattern. A 
further advantage is that the tyre is re- 
silient, which not only saves the vehicles 
from vibration, but permits the vehicle to 
travel at a higher rate of speed under the 
Local Government Board regulations. 
Further, the device adds considerably to 
the width of the tyre of the wheel, and it 
therefore provides a simple and ready 
method of increasing the width of tyres of 
vehicles too narrow to comply with the 
Heavy Motor Car regulations. 
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Notes. 


By ANDREW STEWART, A.M.LE.E. 
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The Handling of Freight Traffic 
by Electricity.— Few engineers have 
studied electric traction problems as closely 
as Mr. H. Ward-Leonard, and anything he 
has to say on the subject, especially when 
the handling of freight traffic is under con- 
sideration, must necessarily carry some 
weight, for it is the handling of the enormous 
goods and mineral traffic which presents 
the most serious problems in connection 
with main line railway electrification. 

Passenger traffic, and especially suburban 
work, is readily and economically handled 
by electric traction, but, as pointed out in 
our January issue, once we leave this class 
of traffic, new and entirely different problems 
have to be met and overcome. 

In a recent issue of the Street Railway 
Journal, Mr. Ward-Leonard takes up the 
position that the key to cheap freight 
haulage on main lines is to be found in the 
use of heavier trains and larger locomotives, 
which reduces the cost per ton-mile, and in 
support of this shows that the prevailing 





tendency with steam-hauled traffic is in this 
direction, and electric traction must there- 
fore be amenable to further development 
along these lines. He proceeds to show 
that, in 1894, the average annual ton-mileage 
of an American locomotive was 4 million 
ton-miles, this has grown to 64 million in 
1904; while taking the Pennsylvania and 
Union Pacific lines as representative of the 
heaviest traffic, the annual duty of an 
average freight locomotive is over g million 
ton-miles in the case of the former, and 
8—g million in the case of the latter. There 
has been a corresponding growth in the 
size of the locomotive itself, for in 1902 the 
average heating surface of a United States 
locomotive was 1,562 sq. ft.; in 1903 this 
rose to 1,659, and to 1,784 in 1904, while the 
average train load rose from 180 tons in 
1894 to 308 tons in 1g04, though on lines 
handling heavy traffic, such as the Union 
Pacific and Great Northern railways, the 
average train load in 1904 was 507 tons for 
the former, and 522 tons for the latter. 




















The average life of a Southern Pacific 
goods locomotive is about thirteen years, 
and the maintenance costs £700 per annum, 
while each locomotive horse-power appears 
to earn £20 per annum, and the total 
capital sunk in United States railways is 
about £120 per locomotive horse-power. 
The horse-power of the locomotives appear 
to be taken from the railway statistics of 
the Interstate Commerce Commission, and 
though obviously a figure regarding which 
there can be various opinions, it appears 
reasonable to take this into consideration 
when dealing with the other data. 

The cost of electrifying a standard steam 
railway is likely to increase the capital of 
that line by 10 per cent., in order to provide 
the same total horse-power as at present, 
and if this is approximately accurate, there 
will be something like £125,000,000 to be 
spent ere British railways can be compre- 
hensively electrified. It is reasonable to 
suppose, therefore, that in view of the 
gradually decreasing return on the existing 
capital, railway companies view with no 
little concern any increase, even of the 
order of 10 per cent. in their capital, unless 
accompanied by a certain prospect of 
substantial economy in operating expenses. 

Mr. Ward-Leonard appears to think that 
the motive for electrification will be found 
not so much in existing conditions, as in the 
developments which are likely, due to the 
growth of the load and the limits imposed 
on the corresponding growth of locomotives, 
owing to the inelasticity of the loading 
gauge of most railways, a limitation more 
severely felt in England than elsewhere. 
This will render necessary double heading 
with its lack of economy. 

An electric locomotive, on the other hand, 
may be constructed to give very much 
greater power than a steam locomotive, 
and it may be readily adapted to keep 
within a much smaller loading gauge than 
any steam locomotive of corresponding 
power; its weight may be very much less, 
yet all of it can be made available for 
adhesion. It is capable of giving out much 
more than its normal power for short 
periods, and its cost per horse-power hour 
is constant over a wide range of power, 
whereas the steam locomotive becomes 
more expensive per horse-power hour, above 
and below a certain critical value. More- 
over, it is possible to make direct current 
and three-phase locomotives regenerate 
when descending a gradient, hence energy 
at present lost in brake shoes is available. 
This argument would, of course, have much 
more weight with new lines, because, at 
present, a tremendous amount of money is 
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spent in excavating, tunnelling, and grading, 
which could be avoided if a locomotive 
capable of exerting much more than its 
normal power, and regenerating on down- 
grades, were available. 

The fact that two electric locomotives 
may be employed to haul heavy trains, 
though operated by only one driver on 
the foremost locomotive, as done by the 
District Railway, London, when handling 
the London and North-Western trains, and 
each locomotive operated at a maximum 
efficiency ; yet, if necessary, the train might 
be split into two smaller trains, each handled 
by one locomotive with equally high 
efficiency, suggests points in handling goods 
traffic which cannot be overlooked when 
considering the question. 

It is probable, therefore, that the growth 
in the weight of trains will be limited by the 
growth in the power of steam locomotives, 
and the wasteful nature of double heading 
being recognised, electric haulage will be 
forced upon railway companies, those 
handling the heaviest traffic being first to 
face the problem. 

As for the best system, Mr. Ward-Leonard 
recognises the diversity of opinion, and 
suggests an international commission, com- 
posed of the ablest engineers that can be 
found in the world. He points to the 
success of the Niagara Falls power plant, 
and the permanent nature of the equipment 
there, as an example of the accuracy of the 
conclusions which a thoroughly competent 
commission may reach, with practically no 
earlier experience of similar schemes to 
guide them. 


The Electrification of the Simplon 
Tunnel.—It was originally intended to 
handle the traffic, which consists of pas- 
senger and goods trains, the former weighing 
365 and the latter 465 tons, by steam loco- 
motives; but the difficulty in ventilating a 
tunnel 12} miles long ultimately led to the 
adoption of electric locomotives to haul the 
trains over this section of the railway. 

Our readers are already acquainted with 
the three-phase electric locomotives* in use 
on the Valtellina section of the Italian State 
Railways, and in order not to delay the 
opening of the line some of these locomotives 
will be employed, though Messrs. Brown, 
Boveri & Co. are building some locomotives 
of 1,000 h.-p. for this line. One of these is 
illustrated (Fig. 1), from which it will be 
observed that the new locomotives differ 
but little from the ‘Ganz’ locomotives 





* See ENGINEERING Review, October and December 
1905. 
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I 1.—-ELECTRI LOCOMOTIVE FOR THE SIMPLON TUNNEL. 


described earlier. They are very substantial 
looking, and by no means lacking in grace. 
The internal arrangements are pretty much 
as described in our columns some months 
ago, there being two motors coupled by 
connecting rods to the driving axles, all of 
which are coupled so that the locomotive is, 
to all intents and purposes, a six-coupled 
engine with leading and trailing pony-trucks. 

The total weight of the locomotive is 62 
tons, of which 42tonsare onthe drivers. It 
has two economical speeds, viz., 21 and 42 
miles per hour, the drawbar pull at the 
former being 6, and at the latter 3} tons. 

Power is supplied from two hydro-electric 
power stations, one at each end of the 
tunnel. These generating stations were used 
to supply power during the construction of 
the tunnel, and only minor alterations were 
necessary to adapt them to the 
new purpose. The pressure of 
the three-phase current supplied 
to the trolley wire is 3.300 volts, 
and the periodicity of the system 
is fifteen cycles. Experimental 
trips will be commenced in the 
course of a week or two, and the 
opening of the tunnel for traffic 
will take place on, or about, 
June Ist. 


Petrol-Electric Railway 

ar.—In our issue of November, 
1905, we described a petrol 
electric automobile, and the rail- 
way car now dealt with is the 
logical outcome of the car then 
described. The “ Hielmann’ 
electric locomotive which was 
used experimentally in France 
some years ago, was on the same 
general lines as this petrol elec- 
tric car, but, at that time, the 
petrol engine had not reached 
the pitch of perfection now 
achieved, and consequently a 
steam-engine and boiler was then 
employed to generate the power. 
With the petrol engine, not only 
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is the engine somewhat lighter, 
but no boiler is necessary, and 
the fuel is less weighty and bulky. 
Hence the prospects before a 
well-designed petrol-electric car 
are more cheerful than that of 
auy car where a steam boiler is 
necessary, whether reciprocating 
engines as used by Hielmaun, 
or steam turbines as proposed 
by Mr. Reid, of the North 
British Locomotive Company, 
are employed. 

Although the car to be described is 
of American design, it must not be for- 
gotten that the first petrol-electric car is 
of British origin, such cars being employed 
by the North Eastern Railway to handle 
part of the traffic between East and West 
Hartlepool, and in the case of the American 
car, a petrol engine by the Wolseley Tool 
and Motor Co. is used to drive the gene- 
rator. The car in question is intended to 
provide a service on such sections of the 
Delaware and Hudson Railway Co.’s lines, 
where the traffic is insufficient to make a 
steam service economical, or where new 
districts are being developed, though it is 
capable of handling long distance traffic, 
being fitted with passenger, smoking, toilet, 
and baggage compartments, in addition to 
the engine room, and driver’s compartment. 





FIG, 2.—PETROL-ELEC TRIC CAR, 














‘The total passenger capacity (seating accom- 
modation) is forty, twelve of this number 
being accommodated in the smoking room. 
The car is in general appearance similar to 
the Delaware and Hudson Railway Co.’s 
ordinary passenger rolling stock. The 
petrol engine is horizontal, has six cylinders, 
arranged in three pairs, at an angle of 180 
deg., and gives 140 brake h.-p. at 450 
revolutions per minute; the cylinders are 
water-cooled. In order to start the engine, 
shells filled with black powder are used to 
provide the initial charge in one cylinder, 
the shell being fired by a hand-operated 
trigger, pretty much like the breech 
mechanism of a gun. Both high and low 
tension ignition is provided, the former being 
cut out after full speed is reached and 
magneto ignition only is used thereafter. 
Two carburettors are used to volatilise 
the fuel; each supplies three cylinders, and 
each carburettor is fitted with two float feed 
chambers, one for use with petro}, and one 
for use with kerosene, if it is found necessary 
or desirable to use the latter fuel. The 
air supply may be taken from the atmo- 
sphere, or from the crank chamber, or both. 
The lubrication is forced for the main 
bearings and drip feed for all others. 

Coupled to the above engine is a 120 
kilowatt six pole 600 volt generator; this 
generator is provided with commutating 
poles* which enables sparkless commutation 
to be obtained with wide variations of 
field excitation. In the case of this car 
speed control is effected entirely by varying 
the voltage of the generator by alteration of 
the field current. An exciter having a 
capacity of 5$ kilowatts is fixed on the top 
of the main generator, and driven from the 
shaft by means of a ** Morse” silent chain. 
This will be seen in the background (Fig. 2), 
which shows the engine-room with the 
engine in the foreground. 

There are two motors of 200 h.-p. each, 
one on either truck; they are standard 
traction machines, and arranged for series 
parallel control. The controller differs from 
standard traction controllers, in that it has 
only five points: series, parallel and off 
(ahead), and series, and parallel (reverse). 
All speed regulation being effected by 
varying the generator voltage by means of 
the shunt regulator. 

Speeds of 40 miles per hour were obtained 
with ease, and the running was comfortable ; 
the latter feature was specially obvious 
during acceleration, which was remarkably 
smooth, due tothe perfectly gradualincrease 


* For description, see THE ENGINEERING Review, 
May, 1905, p. 874. 
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in the voltage when controlled by the shunt 
regulator acting on the generator field, a 
means of regulation only possible where the 
generator is carried on the car. 


A British Hydro-Electric Power 
Scheme.— The fact that the great industrial 
districts of this country are in the vicinity 
of extensive coal- fields, and that water 
power is plentiful only in places where there 
are no manufacturing industries of import- 


ance, has to alarge extent rendered uiineces- 
sary the development of what little water 
power there is in the British Isles. The 
Welsh slate quarrying industry has always 





FIG. 3 BRITISH HYDKO-ELFCT WER SCE E>: 


THE PIPE LINE. 


suffered from the disadvantage of having to 
pay heavy charges for fuel, and this is a 
much more serious handicap than might be 
supposed, for, notwithstanding the enormous 
outcrops of slate, there are many places 
where it is impossible to hew away the 
mountain side, and the slate must be worked 
from galleries. The handling of this slate 
and the enormous amount of débris—for 
twenty-eight tons of material have often to 
be worked in order to obtain one ton of slate 
—involves a great deal of mechanical power 
for hoisting and haulage. 

The abundance of water power suggested 
at once an electric power distribution scheme 
and such ascheme has now been practically 
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finished, the engineers being Sir Douglas 
Fox, and Messrs. Harper Bros., and the 
contractors, Messrs. Bruce Peebles, Ltd., 
of Edinburgh. 

That the chance of a scarcity of water is 
remote will be apparent from the fact that 
the average rainfall is 200 inches per annum. 
At present the water supply is drawn from 
Lake Lyddaw, which is 1,400 ft. above the 
sea level, though should this storage prove 
inadequate, Lake Glaslyn, some 1,goo ft. 
above the sea level, is available. 

The pipe line, 1} miles long, is shown 
(Fig. 3) and consists of duplicate 30-inch 


Dinorwic, and Darbishires slate quarries, 


.and an initial load of about 4,000 h.-p. has 


been obtained. 

In addition, there is the Carnarvon and 
Portmadoc three-phase railway, a narrow 
gauge line some thirty miles long, the over- 
head wires, of which there are two, being 
fed at intervals by transformers which 
transform the 10,000 volt current down to 
600 volts. : 


Electric Traction on Main Line 
Railways.— In arecent issue we considered 
the electric locomotives in use on the Swedish 





FIG. 4.—SINGLE-PHASE ELECTRIC MOTOR CAR. 


pipes. The chief difficulty in constructing 
this and the overhead transmission line for 
transmitting the energy to the mines and 
the railway, was the boggy nature of the 
soil in many places. The effective head is 
1,100 to 1,200 ft., and the three-phase alter- 
nators in the power- house are driven by 
“Pelton” wheels. The generating station 
contains four ‘Peebles ” alternators, each of 
1,500 kilowatts capacity ; there is room for 
two additional sets before any extension of 
the building will be necessary. 

About 140 miles of 10,000 volt overhead 
line is contemplated, though only about one- 
third of this has been completed up to this 
date. Among the customers are the Oakley, 


State railways ; there remains the motor-cars 
and their equipment. Up to the moment 
of writing we have been unable to secure a 
photograph of the actual motor cars in use, 
but the illustration (Fig. 4) shows a similar 
car with an identical equipment, which has 
been built for the Neiderschoneweide— 
Spindlersfeld line in Germany. With the 
exception of the bow trolleys on the top, the 
car does not differ much in general appear- 
ance from the motor cars in use on the 
electrified lines in this country. The current 
passes from the bow trolleys, which, by the 
way, are raised and lowered by means of 
compressed air supplied from the brake 
reservoir to the switch and transformers. 

















ELECTRICAL NOTES. 





FIG. 5.—-TRUCK OF SINGLE-PHASE ELECTRIC RAILWAY MOTOR CAR. 


The equipment consists of two motors on 
one truck (Fig. 5) each having an output of 
80 h.-p., the pressure at the trolley wire being 
reduced to about 260 volts at the motors. 
The motors are of the ‘ Winter-Eichberg”’ 
type, made by the Allgemeine Elektcricitats 
Gesellschaft, Berlin, and are similarin many 
respects to those which will be employed on 
the South London branch of the London 
Brighton and South Coast Railway. In 
order to reduce the sparking at the commu- 
tator a special winding is used. 

The current when it leaves the bow trolley 
on the top of the car passes through a horn 
lightning arrester, a choking coil and fuse, 
and then to an automatic circuit breaker 
under the car body. The first movement 


ot the motorman’s controller mechanically 
closes the switch, which has two electro- 
magnetic tripping devices, one of which is 
in series with the main current from the 
trolley wire, and thus opens the circuit 
breaker in event, not only of failure of the 
motors, but any of the switch gear or the 
high tension transformer. The other tripping 
device is controlled by the motorman trom 
his post, and enables him to break the circuit 
without handling any high pressure part 
should he consider it necessary. 

These motor-cars will start easily on a 
grade of I in 25 with a 50 ton load, and can 
maintain a speed of 25 miles per hour under 
normal conditions of road, with or without 
trailers. 
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Abstracts from the 
Continental Press. 


—— 


Core Drill and Coal = Cutting 
Machine.— The “ Herrmann” combined core 
drill and coal-cutting machine is designed for 
use with non-reversing motors, the feed motion 
being transmitted to the screw spindles by 
pinions and friction gear., The friction wheel 
is pressed against the outer surface of a 
revolving cylinder to produce the forward 
motion of the drills, whilst the return is 
secured by pressing the same wheel against 
the inner surface of a cylinder external 
to the first. In the drawing, &1, k2, k3 
are the core drills; z1, 22, 23 are pinions 
driven from the main shaft, w and f1, f2 are 
the screw spindles moving the cross-head, ¢, 
and the drills in and out. The spindles are 
driven by three pinions, «1, a2, a3;-the middle 
one running loose on the shaft w, whilst ar 
gears with a pinion a4, mounted on the same 
shaft as the friction bowl d. To feed the drills 
into the coal, the lever A is raised so as to 
press the bowl d against the outer surface of 
the revolving cylinder, cr; and to reverse the 
feed, the lever is depressed until the bowl 
engages with the inner surface of the outer 
cylinder c2, the greater velocity of which 
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FIG. I.—CORE DRILL AND COAL CUTTING MACHINE. 








produces a correspondingly rapid withdrawal 
of the drills. 

According to the report of Dr. Tiibben 
(Gliickauf) on experiments made with these 
coal-cutters in the Prussian State collieries at 
Saarbriicken, they will drill a 4-inch hole 
to a depth of 3 ft. through hard coal 
in one to‘one and a half minutes. The 
cores vary in length from 2 in. to 6 in. 
long, and fall out of the 4 by 8 in. hole 
at the rear end of the cutter without diffi- 
culty. One of the chief advantages of the 
machine is that the bulk of the coal cut is 
recovered in the form of lumps, instead of the 
usual powder ; and consequently the risks aris- 
ing from coal dust in fiery pits are greatly 
diminished. By using larger cutting tubes it 4 
might be possible to utilise the machine for 
taking out narrow seams entirely without resort 
to hand labour, as also for driving ventilating 
holes quickly at less expense than the provision 
of special separate ventilation in-bye. 


Shield and Dust Exhaust for 
Grindstones.—The shield and dust exhaust 
designed by Patoureau, principally for use 
with emery wheels, and described in a recent 
issue of Génie Civil, consists, as regards the 
shield, of three parts: the trough a (Fig. 2), 
the hood ¢ and the mask g. The semicircular 
trough is bolted on to the trame of the grinder, 
and is provided with a tubulus leading to the 
exhaust fan. The hood turns on pivots, b, or 
on a hinge at the rear of the trough, 
and can be retained in any desired 
position bya pin, d. The mask fits 
on the front of the hood, and can 
be adjusted, by means of a thumb- 
screw ¢, and bolts h moving in slits 7, 
so that as the wheel wears down a 
working sector of 30 degs, can be 
maintained above the tool rest or 
grinding table. To better enable the 
mask to take up the shock of a burst 
wheel, it is stayed in front by a stirrup 
m, connected by chains /, and coiled 
springs r, with brackets p, bolted on 
the trough a. The exhaust fan can 
be driven from the shaft of the grind- 
stone, the speed being changed by 
means of stepped pulleys. 

The dust collector (Fig. 3) consists 
of a vertical chamber, fitted with 
baffles, and dipping into an enclosed 
tank containing a constant level of 
water, whilst a second vertical cham- 
ber, filled with coke or other porous 
material, is mounted above the tank 
and serves as a scrubber for the final 
elimination of dust particles from 
the escaping air. 


Trials with the “ Schmidt” 
Express Engine. — Nystrémer 
(Die Lokomotive) reports on the 
trials recently made with a Swedish 
express locomotive fitted with a 
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FIG. 2.—SHIELD AND DUST EXHAUST. 


‘* Schmidt '’ super-heater, over a series of runs, 
aggregating 6,000 miles, that the coal consump- 
tion was 2°865 tons, as compared with 3°425 
tons in an ordinary engine of similar type 
without superheater, a saving of 26°4 per cent. ; 
and in a second trial, extending over a month, 
still better results were obtained, the saving 
being 294—34} per cent. 


Sound = Deadeners for Tramcar 
Tyres.—To prevent the noise caused by the 
grinding ot the wheels against the rails in 
traversing small curves, Klisserath (Hlektrische 
Bahnen und Betriebe) recommends the adoption 
of the device illustrated in Fig. 4. Iron rings 
of flat rectangular section and conical shape 
are firmly bolted on one or both sides of the 
tyre, a good connection being insured by urn- 
ing the tyre and the rings to fit. The rings 
must be strong enough to exert considerable 
pressure on the tyre, since the weight and 
pressure are the determining causes of efficiency 
in deadening sound. The rings for the outer 
sides of the tyres may be solid all round, but 
those for the inner side are provided with a slit, 
so that they can be passed over the axle. 
Collars are slipped on the bolts, between the 
rings, to prevent the nuts being screwed up too 
tightly. 


Helicoidal Ship Lift.-—The ‘‘ Oelhafen- 
Loehle’’ helicoidal ship lift, says a writer in the 
Génie Civil, is claimed to unite the advantages 
of the vertical and inclined-plane systems 
namely, small motive power and high speed. 
The tank is mounted on a truck d (Fig. 5), the 
periphery of which is provided with a screw 
thread of large dimensions but slow pitch, that 
engages in a corresponding female thread in 
the metal framework of the lift, so that as the 
truck is rotated it travels up and down. The 
tank is enclosed in a frame 6, suspended from 
ropes g, passing over head pulleys h, and ter- 
minating in counterweights f. By means of a 
series of rollers, or a central pivot, the: vertical 
movement only of he truck is transmitted to 
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FIG. 3.—SHIELD AND DUST EXHAUST. 


the tank. A lift of this type, suitable for raising 
boats of 600 tons 130 ft., and therefore suitable 
for the needs of the Danube and Oder canal, 
would require a tank 230 ft. long by 294 ft. 
wide, supported by parallel lattice girders with 
cross traverses for the attachment of the ropes. 
The lattice truck would be mounted above the 
tank and supported by a hundred rollers run- 
ning on a circular path on the upper part of the 
tank support, motion being imparted to the 
truck by electromotors coupled direct on to 
pinions engaging with a fixed tooth crown. The 
rising and descending movement of the tank 
would be effected by the helicoidal rails, R 
(Fig. 6), mounted on the supporting caissons, 
C, of the truck and acting on rollers, G, 
mounted on springs at intervals on the spirals 
of the metal tower, TJ, a relatively small 
number of rollers being required owing to the 
uniform distribution of the weight. In the 
event of the lift being overloaded the giving 
of the springs would cause the truck to rest on 
fixed supports on the frame, the same applying 
to the rollers between the truck and the tank 











FIG. 4.—SOUND DEADENERS FOR 
TRAMCARS. 
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FIG. 5.—HELICOIDAL SHIP LIFT. 
frame. The total weight of the full tank, railways near Zurich with electric traction by 
support and truck, would be 2,500 tons, distri- means of a 15,000-volt alternating current (fre- 
buted among twenty-five ropes, and a force of quency fifteen periods per second) with a motor 
not more than about 200 h.-p. would be constructed by the Ateliers d’Oerlikon. The 
required to raise the load in three to four generating station at the Oerlikon works supplies 
minutes. About 4,200 tons of metal would be current toa triphase motor, coupled direct toa 
required for the construction of the lift, at a 4oo-kwa. alternator furnishing a current of 
cost of £100,000, exclusive of the expense of 750 volts, raised to 15,000 volts by adjacent 
levelling the ground and preparing the founda- transformers. Commutators are provided along 
tions. the line to break contact in the event of short- 
circuiting. 

15,000-Volt Alternating-current The motor is fitted with two double trolleys 
Railway Motor.*—Experiments have been (Figs. 7 and 8), each collecting from a con- 
in progress for some time on the Swiss Federal ductor on opposite sides of the line, so that one 
— —__— is out of action while the other is in use. The 
* S. Herzog, Génie Civil. actual collectors, consisting of bent steel tubes, 


fitted with brass contacts of 8-section, can be 
moved in and out of contact with the line wire 
by levers, L, actuated by endless chains working 
on puileys, O and P, whilst the articulated 
trolley frames are controlled by pneumatic 
pistons, C. The current traverses lightning 
conductors and a pneumatically controlled 
commutator on its way to the transformers, T, 
which are cooled by ventilation and perfectly 
insulated by micanite. The secondary tension 
is 600 volts, and each secondary winding is 
divided into twenty sections, at the extremities of 
which the tension is 30 volts. Their terminals 
are connected with the regulator, which couples 
up any desired number in circuit. Theextreme 
terminals are also connected with those of the 
bipolar induction regulator, the largest of its 
kind made. The rotor carries the primary 
winding, and the stator the transformer winding. 
The tension produced varies between + 150 
and —150 volts, and is combined with the 600 
volts of the secondary of T in order to furnish 
the tension utilised by the motors. These two 
regulators serve to control the speed above the 
minimum, and they are kept at a given notch 
during starting, which is effected by closing the 
main commutators. 

The series motors develop a force of 200 h.-p. 
each at 660 revs. The rotors are ‘‘Gramme”’ 
rings, with collectors and brushes of the 

















FIG, 6.—HELICOIDAL SHIP LIFT. 























ordinary dynamo type. The aux- 
iliary induction poles of the stator 
are excited by coils traversed by a 
current of an intensity and phase 
calculated to produce a compensa- 
ting flux neutralising the adverse 
effects of commutation on the turns 
short-circuited by the brushes, and 
suppressing sparks. The motion 
is transmitted to the axles by speed- 
reducing gear (1:3.1) and by coup- 
ling rods connecting the cranks of 
the intermediate wheels with the 
axles of each bogie. The compres- 
sor, supplying air for moving the 
trolley collectors, is actuated by a 
120-volt motor, deriving current 
from asecondary circuit of the trans- 
formers and starting automatically. 
The total weight of the machine is 
42 tons, each of the motors weighing 
3-4 tons; and with a train of 200 
tons weight, it can be started and 
run up a gradient of 8 per thousand 
without giving any sparks at the 
brushes. At starting, the intensity 
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in the circuit of the motors, which 
are coupled in series, attains a 
maximum of 1,000 amperes. 


Experiments with Roller 
Bearings for Tramcars.—In 
consequence of the favourable re- 
sults obtained with “‘ Moffett” roller 
bearings cn the Hanover State 
Railway, a car on the Hanover 
tramways was fitted with these 
bearings and run for some time. 
From measurements taken daily, 
the mean consumption of current, 
says the Elektrische Bahnen und 





























Betriebe, was found to be 486-3 watt 








hours. per kilometre run, whereas 
with the ordinary bearings the con- 
sumption amounted to 598'1, thus 
showing a saving, in favour of the 
roller bearings, of 111°8 watt hours, or 23 per 
cent., equivalent to one-sixteenth of a penny 
per kilometre (approximately one-tenth of a 
penny per mile). The life of the bearings was 
also satisfactory, no appreciable sign of wear 
being found after fifteen months’ continuous 





FIGS. 7 AND 
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-—I5,000 VOLT RAILWAY MOTOR. 


running, and the waste of oil was reduced to 
a minimum. The annual saving that would 
result from equipping all the tramway rolling 
stock of the city with these bearings is esti- 
mated at over £2,000, even with current at the 
price of a half-penny per kilowatt hour. 














GENERAL METALLURGY. 


Manganese Bronze and its Manu- 
facture.—Under this heading Mr. E. S. 
Sperry discusses in The Brass World some of 
the more salient features of manganese bronze. 
As is well known these bronzes are not rich 
in manganese, and as a matter of fact the 
manganese content is seldom over a few 
hundredths of 1 per cent. The purpose of the 
manganese is to act as a carrier for the iron 
which must be present in the bronze in order 
to obtain the requisite properties. The pioneer 
work of Parsons is fully recorded, and atten- 
tion directed to his introduction of aluminium, 
which made it possible to successfully cast the 
bronzes in sand moulds. Present-day bronzes 
are practically confined to two classes, one 
for rolling or forging and the other for casting 





in sand. Analyses of the two types are as 
follows 
Parsons’ MANGANESE BRONZE. 

: | 

Sheet, Wire Ingots for 

Tubes, &c. Sand Casting. 

I. 2. I. 2. 
Copper : . 60°27 60°02 56°11 | 56°23 
Zinc , 37°52 37°70 41°34 | 41°16 
Iron ‘ ‘ 1°41 1°53 | 41°30 | I*4I 
Tin ... ‘ "7 o72 | O75 0°68 
Manganese ool 0°02 | oor None. 
Lead ; o’oI o’or 0°02 oor 
Aluminium None. | None. 0°47 0°51 





The difference between the two types is found 
in the absence of aluminium and a slightly 
lower zinc content in the forging alloy. The 
effect of the various constituents is as follows: 

The strongest alloy of the copper zinc series is 
found at about 55 per cent. copper, and using 
this alloy as a base the addition of iron is found 
to raise maximum stress and elastic limit. Tin 
serves a similar purpose, but if present in excess 
tends to brittleness ; hence from 0°5 to 0°75 per 
cent. tin isa suitable range. Aluminium is added 
to the casting alloy in order to facilitate the pro- 
duction of sand castings. Lead is present only as 





By PERCY LONGMUIR. 





an impurity introduced chiefly by the zinc, andin 
this respect the use of refined zinc is advocated, 
owing to its low content of lead. The author 
strongly insists that manganese serves one pur- 
pose only—that of introducing iron. The 
difficulty of alloying iron with copper or brass 
is familiar, but the presence of manganese 
removes this difficulty and results in a true 
alloy, showing no signs of free or suspended 
iron. 

The method advocated for making up ingot 
alloy is briefly as follows. An iron manganese 
alloy is made by melting together 18 lbs. of 
wrought iron, 4 lbs of ferro-manganese and 
10 lbs. of tin. The tin is added when the iron 
and ferro are molten, the contents of the crucible 
stirred, cast into strip ingots and the product 
termed ‘‘ steel alloy." The charge fora bronze 


1s: 
Ingot copper ose one . 56 lbs. 
Bertha zinc ... adel hie ow 
Steel alloy ... 2 


Aluminium ... we wns i 


The plan followed in melting is first to liquefy 
a portion of the copper under charcoal, adding 
to it the steel alloy and then the aluminium. 
The remainder of the copper is added, and 
when melted the zinc introduced, the contents 
of the crucible stirred, and the alloy cast into 
ingot moulds. In remelting these ingots for 
casting, the alloy should not be allowed to 
‘‘soak,’’ and the castings should be poured at 
as dull a heat as is consistent with fluidity. 
Test bars cast in green sand of the mixture 
given have repeatedly yielded tensile tests of 
the following order : 


Elastic Limit. Max. Stress. Elongation. Reduction 


of Area. 
Ibs, persq.in. Ibs.persq.in. percenton6”. per cent. 
30,000 70,000 18 26 


Casting Manganese Bronze.—A late 
issue of Metal Industry contains some notes on 
casting manganese bronze issued by William 
Cramp & Sons. In most cases the bronze 
should be cast in dry sand moulds coated with 
plumbago, but plain castings of moderate 


























weight may be made in green sand. Melting 
in crucibles gives the best results, but the air 
furnace may, with suitable precautions, be used 
for large weights. Under no circumstances 
can the cupola be used. When melting, the 
alloy should be heated until it flares zinc fumes 
freely, then drawn or tapped, as the case may 
be, and skimmed until flaring ceases. At this 
stage the casting should be poured, and the 
stream of metal will again flare zinc fumes as it 
runs into the head-box. The last should be 
large, fitted with a plug or stopper so as to hold 
a good head of metal and prevent the entrance 
of dross. This head is filled, the plug drawn 
and the level of metal maintained in the head 
until the mould is filled. All castings should 
be fed, and the feeders or risers should be of 
sufficient bulk to ensure that their necks remain 
liquid until the casting below has solidified. 
These feeders are kept open by means of a 
feeding rod. In practice chilling and feeding 
both answer the same purpose, and in cases 
where a feeder cannot be effectively placed a 
chill may be made up with the mould. Each 
time scrap is remelted the loss of zinc due to 
previous melting should be made good. An 
addition of 1} lbs. of zinc per 100 lbs. scrap in 
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the case of crucibles, and 4 lbs. per 100 lbs. in 
the case of air furnace melting is advised. 


Recent Tests of Alloys.—Mr. Henry 
Souther, in the February issue of Metal Industry, 
gives a series of tensile results which will prove 
of value for purposes of comparison. For the 
sake of brevity we have combined these results 
into the following table, and it will be noted 
that several interesting alloys are included 


Mixtures for Turbine Wheels.— 
Mr. Jesse Jones, in Metal Industry, lays emphasis 
on the fact that these castings must be homo- 
geneous and of uniform structure. Any porous 
areas are rapidly eroded under service condi- 
tions, and spots where slag or oxide have lodged 
are very quickly disclosed. Owing to the light 
section of the vane and comparatively heavy 
section of the rims, porosity may be expected in 
the vanes. Although manganese bronze gives 
the requisite strength, this alley, owing to its 
high shrinkage, is unsuitable for turbine wheels, 
unless the design of the wheel is such as to 
admit of feeding by risers or chills in order to 
obtain a perfectly solid casting. Brass or 





Diameter of 


Type of Alloy. Specimen. 




















} Inches, Ibs. 
Copper, 85 per cent. o°810 
Tin, 6 per cent. 0810 
Lead, 1 per cent. .. o*810 
Zinc, 8 per cent. o’810 
Copper, 88 per cent. i oo J ovine | 
Tin, 10 per cent. .. “ ne 0"750 | 
Zinc, 2 per cent. } 
= 
Copper, 80 per cent. +) 0°500 
Tin, 10 per cent. a << oe 0°500 
Lead, 10 per cent... se oy 
Copper, 72 per cent. ‘ -_ 
Tin, ro percent. .. ae i. | 1'250 
Zinc, 1 percent. .. oe oe 
Nickel, 17 per cent. | 
Copper, 68 per cent. os ae 
Tin,8 percent. .. . ae Xo 1250 
Zinc, 1 percent. .. _ - ( o 
Nickel, 23 per cent. 
Copper, 67 per cent. ja ) 
Zinc, 15 per cent. .. oe + 1°250 | 
Nickel, 18 per cent. } | 
— | 
0°750 | 
Copper, go per cent. - if 0°750 } 
Aluminium, to per cent... -) 0°750 | 
0°550 | 
° | 
, 1.05 Sq. | 
Aluminium, go per cent... <i 2 ~ rm 
Zinc, 10 per cent. .. es oo f 1°05 sq. 
P egpangeea 80 per cent... o« } oseo 
Zinc, 17 per cent... os “| 0°750 


Copper, 3 per cent. 


Elastic Limit. 


| 
| Reduction of 


Max. Stress. Elongation. 








Area. 
Py | . ” 
per sq. in. | lbs. persq.in. | per cent on 2” per cent. 
16,000 | 33,000 20°0 22°0 
17,000 | 34,000 20°0 150 
16,800 | 35,000 25'0 26'0 
17,500 | 36,000 28°0 24°0 
20,000 } 33,000 140 14°0 
20,000 | 33,000 12°0 14°0 
" | | 
| 
| | 
21,000 | 28,000 5’0 | 7°5 
24,000 | 31,000 } 50 | 50 
| 
|— ———— = 
| | 
None 23,500 | None | None 
| is ————— — 
| | 
y | | ; ‘ 
None | 46,000 | None None 
| | 
| | 
pvisaienitaicinie dani = - a oe 
| | 
15,000 28,000 | 25'0 250 
| | 
| | 
15,000 | 49,000 650 45°0 
15,000 45,000 55°0 45°0 
23,000 57,000 26°0 25°0 
28,000 | 65,000 20°0 25'0 
‘ is - | —_—_—_—— 
15,000 17,000 50 2°0 
12,000 16,000 80 8'o 
15,500 14,000 4°0 2°0 
| 
None 20,000 None None. 
None 18,000 None None. 
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bronze of low shrinkage gives the best results, 
and a mixture which has successfully met severe 
service conditions is found in: copper, 100; 
tin, 10; zinc, 4; lead, 1} parts by weight. 
This mixture must be poured at a ‘‘fair heat ’’ 
in order to avoid porosity. Tests given show 
in the case of a too high casting temperature 
an elongation of 6 per cent., whilst in the case 
of a fair heat the elongation is 38 per cent. 


Combinations of Copper and 
Arsenic.—Mr. K. Friedrich records in 
Metallurgie an experimental investigation of the 
combinations of copper and arsenic. Solidifi- 
cation temperatures of a series of alloys have 
been determined and the results plotted in the 
form of a freezing point curve for the series. 
In general terms this curve may be interpreted 
as showing the existence of the compounds 
Cus As; and Cus As, A series of photo- 
micrographs support the deductions drawn from 
the freezing point curve. 


Copper and Sulphur.— A _ previous 
investigation of copper and oxygen has been 
noted in these columns. In the present case 
Messrs. E. Heyn and O. Bauer have attacked 
the problem of copper and sulphur by following 
a similar plan to that adopted in the case of 
oxygen. The results given in a recent issue of 





thought probable that a resemblance would be 
found in the solidification curve of the two 
series, a supposition confirmed by the investi- 
gation and illustrated in the appended diagram. 
Starting with pure copper the effect of increas- 
ing amounts of Cu,S is readily shown on the 
solidification, the temperature of which falls 
with successive increments until a content of 
from 3°82 to 4°27 per cent. Cu,S is reached. 
The eutectic mixture has a content of 3°82 per 
cent. Cu,S. Therefore the solidified alloys 
with a lower content than 3°82 per cent. Cu, S 
consist of crystals of copper surrounded by 
eutectic. Exceeding 3°82 per cent. the solid 
mass consists of eutectic, embedded in which 
are crystals of Cu,S. When the content of 
Cu, S exceeds 9 per cent. the alloy solidifies in 
two distinct layers, the first one marking the 
solidification of crystals of Cu,S, which when 
pure solidify at 1127° C, 


The Notation of Alloys.—Mr. John F. 
Buchanan, in the current issue of the Foundry, . 
presents this article as a problem for metal- 
lurgists. The chaotic state of the terminology 
of alloys is described at considerable length, 
and a plea advanced for a more rational system 
of nomenclature. As an example, the writer 
suggests the following :— 





Names. Composition. Proposed formula. 
Bell metal on “os ... Copper 8o, tin 20 Cu go, stan a9. 
Gun metal ine “ a ... _ Copper 88, tin 10, zinc 2 ows ooo ose ... | Cu gg, Stan. 49, Zi 2 
Steam metal ... oon sie .. Copper 86, tin 6, zinc 6, head 0 - one tan .-. | Cu gg, stan ¢, zig, plume. 
Yellow metal ... ‘ eae ... Copper 70, zinc 30 ese se és «.. | Cu 70, Zi g0. 
German silver .. : et ... Copper 50, zinc 25, nickel 25 me ess pm «. | Cu go, Zi a5, nick 95. 
Plumber's solder mt an . | Lead2, tin: ... a nia ... | Plum g, stan }. 
Bearing bronze = ons ... Copper 80, tin ro, lez ad 9 phosphorus Rien one .. _ Phos 1, cu gg, stan 49, plum 9. 
Type metal “ ‘ ‘ ... Lead 80. antimony 20 ‘ and Pluin go, stib 
Silicon bronze eve ... Copper go, tin 8, silicon 2 Sil 2, cu go, stan g. 








Metallurgie show evidence of very careful work, 
and are of great interest, but we can only touch 
the more salient features. Owing to certain 
analogies between Cu,O and Cu,S it was 
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COPPER AND SULPHUR. 





FOUNDRY PRACTICE. 

Iron Carbon Alors of High Carbon 
Contents.— Much work has been done on the 
iron carbon alloys designated as steels, but com- 
paratively little research has been devoted to 
the alloys of higher carbon content. and known 
as cast irons. In this respect Professor K. 
Wiist has broken practically new ground by 
publishing in a recent issue of Metallurgie an 
examination of the high carbon alloys in which 
the methods of investigation, so successfully q 
used in the case of the lower carbon alloys, 
have been employed. At the outset a compre- 
hensive review of the work up-to-date is given, 
and the constitution of steels discussed in detail. 
With cast irons the constituent cementite and 
ferrite are in certain cases augmented by the a. 
presence of a third, graphite. Concerning this 
graphite, if previous theories are accepted, one 
would expect that as it separates from a fluid 
it would, owing to its low specific gravity, rise 
and be found entirely on the top of the metal. 
To test this and other matters, a series of 
twenty alloys were made of varying carbon 














contents, and in each case the total impurities 
do not exceed or per cent. Some of the alloys 
contained a certain amount of carbon in the 
graphitic state, and in each case the graphite 
was uniformly distributedinthemass. Naturally 
the argument could be advanced that the 
graphite had not time to rise to the surface; 
but if this were so one would, at least, expect 
that in consequence of the upward movement 
more graphite would be present in the higher 
than the lower portions. This, however, was 
not the case. On the other hand, in con- 
sidering the swift separation of “‘ Kish” from 
certain types of fluid pig iron, one is led to the 
conclusion that the graphite of a cast iron is 
not a primary but a secondary product, which, 
during or after s»lidification had been able to 
form a high carbon-holding alloy. Investigation 
will show whether graphite is a decomposition 
product ofasolid solution or a separated carbide. 
If graphite were a primary product, then rapid 
cooling should preserve it, whilst slow cooling 
should favour the tormation of carbide after the 
equation, 


Mixed crystal + graphite = carbide, 


This, however, is contrary to experience, which 
clearly shows that slow cooling promotes the 
formation of graphite, whilst rapid cooling 
renders difficult even if it does not actually 
retard this formation. Practical advantage is 
taken of this in ‘‘ chilling ’’ parts of a casting on 
which hard faces are required. 

Cooling curves show, particularly for grey 
iron, a retardation at the solidification point 
1,130° C, which indicates the beginning of a 
reaction. Concerning the position and significa- 
tion of the solidification point (1,130° C), the 
author notes various fluctuations, and it appears 
to be affected by the content of carbon in a 
manner as yet unknown. For example, the 
following table shows a range of variation 
which is not directly related to the carbon 
content :— 
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Heat Treatment of Cast Iron.—In 
connection with Mr. Pilkington’s paper, noted 
in our January issue, Mr. P. Munnoch gives in 
The Foundry Trade Journal some examples of the 
further treatment of grey cast iron. Generally 
speaking, when grey cast iron bars are annealed 
the combined carbon is converted into amor- 
phous carbon, and the bar increases in length. 
Transverse strength is reduced by about 10 per 
cent., but an increase in total deflection is 
found. The latter is due chiefly to increase of 
permanent deflection. The fractures are darker 
and the bars are softer for machining. When 
annealed bars are heated and quenched in 
water there is little change to be noted below, 
about 650° C, but above this, each increase in 
quenching temperature until 800° C is reached 
gives increased transverse strength and deflec- 
tion. Combined carbon increases with the 
quenching temperature, the fracture assumes 
a more dense black appearance and has a larger 
grain. When quenched from above 850°C the 
strength is considerably reduced, the total 
deflection is decreased and permanent deflection 
is absent. Combined carbon increases and 
may be much above the amount present in the 
bar as cast. The effect of heating and cooling 
on the content of combined carbon in a grey 
cast iron is as follows :— 





Contents of 











Alloy No. 8 19 6 
eC. 1,132 1,135 1,112 
Total carbon ... oo 2°94 3°02 3°29 


No. Condition. Combined 
| Carbon. 
per cent, 
I Bar as cast me es ane 0°45 
2 No. 1. Heated to 850°C and slowly | 
| cooled ... sis ‘ie ane o'18 
3 | No.1. Annealed 24 hrs. in annealing 
furnace ... ose a bias Nil 
4 No. 3. Heated to 850°C and quenched 0°35 
5 | No. 3. Heated to 950°C and quenched 0°96 
6 | No.5. Again heated to g50° and 
| slowly cooled ... # ake Nil 
| 
14 18 17 II 16 
1,138 1,141 1,149 1,122 1,130 
3°76 > a 3°94 4°04 4°66 





These results are of interest in view of the 
fact that it has been stated that 1 per cent. 
carbon will effect a lowering in the solidification 
of 100° C. The author's results clearly show 
this statement to be incorrect, for after a certain 
carbon content a minimum is reached in the 
vicinity of 1,130° C, and further importation of 
carbon is without influence on the lowering 
of the solidification. The thermal investigation 
is carried below the critical changes occurring 
in each alloy and the results discussed in detail. 
The separation of cementite, to some extent 
that of graphite and the formation of pearlite, 
are indicated. These results are supported by 
a micrographic examination and illustrated by 
a series of excellent photomicrographs. 





A series of diagrams obtained from Keep’s 
transverse testing-machine, on bars 12 in. long 
by 4 in. square, accompany the paper, and 
from the tabulated results extracts are given 
on p. 296. 


Brazing Cast Iron.*—Ordinary methods 
fail in brazing cast iron owing to the presence 
of free carbon, which prevents adherence of the 
solder. The ‘‘ Pich "’ process of brazing depends 
on the reaction between the carbon and the 
copper oxide. The method is to obtain a 
mixture of equal parts of borax and either the 
black or red oxide of copper. 





* Engineering and Mining Journal, Vol. |xxxi., No. 5. 
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THE 
| Breaking. 
Condition. No, Total Strength 
| deflections. Ibs. 
As cast I o*18 390 ) | High 
i 6 o*21 | 420 |} | phosphorus 
— 2 o°2 460 )| Low 
iis a 7 o°2 455 /) | phosphorus 
Annealed 3 0°35 400 
o oa | 5 0°30 445 
Annealed and | 
air cooled ..| 4 "44 500 
Annealed and 
air cooled 9 0°34 450 
Annealed and 
quenched .. 5 0°32 435 
Annealed and | 
quenched 10 0°35 505 








The two are finely powdered, mixed with 
water to a suitable consistency, and the joint to 
be brazed coated with the mixture. The joint 
is then heated and ordinary brazing solder 
applied in the usual manner. When this solder 
has permeated the joint the operation is finished 
and the two pieces thoroughly united. The 
copper oxide is reduced to copper by the carbon 
in the cast iron, and carbonic acid gas is formed. 
This escapes and at the same time the copper 
adheres to the clean metallic surface so 
produced, resulting in a firm joint. 


Foundry Practice.—Mr. W. A. Bole, in 
a paper before the Pittsburg Foundrymen’s 
Association, discusses various aspects of foundry 
work, and reaches the conclusion that there are 
probably few departments of manufacturing in 
which there is as much chance work and as 
little absolute and positive knowledge as in the 
making of iron castings. To some extent this 
accounts for the various opinions advanced by 
experts, each equally competent in his own line 
and yet radically different from each other in 
their views. With regard tothe composition of 
castings it is safe to state that cast iron does not 
permit of softness and strength in the same 
iron. Soft irons are weak and strong irons are 
hard. The following table suggests a relation 
between the thickness of metal in a casting and 
chemical composition. 





} | 


‘ | em | Phos- | Man- | < 
Thickness. | Silicon. | phorus. | ganese. Sulphur. 
| 
| 
| 

Inches. | percent. | percent. | percent. | percent. 

| | 3°25 1°00 | 0"40 } o°025 

4 2°75 0*80 © 40 0°040 

7 2°50 0'75 | 0"50 0050 

I 2°00 0°70 0*60 0°060 

14 1°75 0°65 0°70 | o0'070 

2 1°50 0*60 o 80 o0*080 

24 1°25 0°55 | 0*90 | 9°0go 

3 I*oo 0 50 1°00 | o*100 





These limits relate to the writer’s own 
practice, but they are none the less suggestive 
to founders on other centres. 








Foundry Problems.*—In an address to 
the Pittsburg Foundrymen's Association, Dr. 
Moldenke touches on some of the problems of 
to-day, showjng that in spite of the advances 
made there are yet many difficulties awaiting 
solution. Taking general needs first, it is 
apparent that as the impurities of cast iron are 
reduced a nearer approach to a uniformly good 
material is made. The addition of steel scrap 
effects this, and is therefore worthy of further 
study. The real benefit of such an addition lies 
in the reduction of total carbon, other con- 
stituents being so arranged that the combined 
carbon remains low and the product is a pure 
cast iron—but still a cast iron. The technical 
difficulties of using steel in the cupola are such, 
that with large amounts correctives must be 
applied. The further study of this problem is 
of great moment, as having a direct bearing on 
the grey iron foundry holding its own. 
Probably this will lead to further investigation 
of methods of refining cast iron in the air 
furnace. Perhaps the ultimate result will be 
the use of the open hearth furnace in cases 
where the output will warrant it. Sulphur 
removal is also a question of moment, and an 
efficient method of removing sulphur from the 
coke, oras is more likely from metal and coke, 
in the cupola, is required. Probably systematic 
research will attain this end. With sulphur, 
carbon, manganese and phosphorus attended to, 
silicon yet remains, and in addition there are 
oxidation effects, dissolved gases and the like, 
which may make or mar an iron in a manneras 
yet unknown. Silicon will always be the basis 
of calculation, as even with a minimum of total 
carbon, due to the addition of as much steel 
scrap as can be carried, the machine shop will 
demand properties in the castings which 
necessitate the combined carbon being kept 
below fixed limits. 

The less graphite on top of this the better for 
strength. The oxidation of metals during 
melting has become a well recognised matter, 
but we are still looking to the laboratories for 
something tangible to work on. Aside from 
the influence of oxides there is the problem of 
the wasting of metal, and the question of how to 
melt iron or steel without burning away from 
4 to 14 percent. is one worth solving. Possibly 
the electric furnace will do this. It has done it 
from a purely technical standpoint, and now 
awaits only commercial efficiency to become a 
permanent factor in the foundry. 


Core Sandsi.—These sands were dis- 
cussed by Mr. J. S. Robeson before the New 
England Foundrymen’s Association, chiefly 
from the view point of “ binders.’’ A good 
core is defined as follows. It must be strong, 
both green and dry; must be weak and rotten 
after the casting has cooled ; must not be easily 
affected by moisture ; must give off but little 
gas; must draw quickly; must not change in 
* Iron Trade Review, Vol. xxxix., No 7. 
+ Iron Trade Review, Vol. xxxix., No. 8. 























size, and must have a low cost. To meet these 
requirements a suitable sand must be used and 
it is rarely that one sand will combine all 
the required features. Further, the type of 
binder used must also’be suitable to the grade 
ofsand. Asan example, the following mixture 
was unsatisfactory, in that the cores were 
difficult to clean from the castings 


5 buckets burnt cores. 


42 - gangway sand or sweepings. 
13 ” coarse sharp sand. 
10 *” fine Albany sand. 

S$ is gluetrin mixed in. 

5 ” water. 


This mixture was changed as follows and 
then gave uniformly successful results 


5 buckets burnt cores 


52 oe gangway sand or sweepings. 
13 “~ coarse sharp sand 

& gluetrin mixed in. 
5 9 water. 


STEEL, ITS PROPERTIES AND 
TREATMENT. 


Sheffield Society of Engineers and 
Metallurgists.— Mr. W.H. Ellis, the retiring 
president, yave, in a short address, an admirable 
review of the late developments in engineering 
and metallurgy. Progress in the latter direction 
is strongly marked by the increasing use of 
hydraulic presses in casting large steel ingots. 
For many years the Whitworth system of fluid 
pressure stood alone, and whilst it had been 
criticised in various directions it had none the 
less survived criticism. Owing to the upper 
portion of any ingot compressed by this system 
not being altogether sound, various efforts have 
been made to introduce a system which will 
render a greater portion of the ingot perfectly 
sound and homogeneous. The Trefillage system 
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of Harmet is meeting with recognition in this 
country, and for ingots of 25 tons is a complete 
success, There is also reason to believe that 
with. presses of sufficient power ingots of much 
greater weight will be successfully produced 
by this system. The forging press is still 
continuing its career of displacing all but the 
most moderate size steam hammers. To one 
body of steel makers a question of moment at 
the present time lies in the improvement of 
steel for ordnance. The Japanese war has 
shown that big guns were going to be used at 
much greater range than previously antici- 
pated and greater demands would be made on 
the guns used. The high cost of these guns in- 
tensifies the question of durability, and although 
at the present time the quantity of steel supplied 
is exceedingly high and the care exercised in its 
manufacture is great, it is still hoped that some 
improvement may be forthcoming. Finally Mr. 
Ellis emphasised the necessity of co-operation 
between the metallurgist and the engineer, 
indicating the valuable results open to such a 
combination. 

Mr. F. W. Beardshaw, the new president, in 
his opening address referred to the urgent need 
for careful investigation of the thermal treatment 
of carbon steels. Whilst a certain amount of 
work has been done in this direction the field 
is still comparatively unexplored. Personal 
experience shows that differences are found not 
only in accordance with varying contents of 
carbon, but also with variation in size and shape 
of the pieces used ; and also with the method 
followed in working the steel ; as for example, 
hammering, rolling, or cold drawing. This 
opens out a large field, but systematic research 
andinterchange of results would havea beneficial 
influence in extending knowledge of the correct 
treatment of steel. 








The Momentum Brake. 


——_>—_ 


REFERENCE was made in the last issue of 
THE ENGINEERING REvieEw to Mr. A. L. C. 
Fell’s paper on the subject of brakes, read 
before the Tramways and Light Railways 
Association. One type of brake referred 
to by Mr. Fell calls for description by 
reason of the unusual mode in which that 
braking effect is secured, namely, as its 
name implies, by the momentum of that 
moving vehicle. The brake, which has 
been adopted to some extent in America, 
is shown in general arrangement in the 
accompanying illustration, and may be 
described as follows :— 

A friction disc is formed on a sleeve 
keyed to the car axle, and a second friction 
disc sliding longitudinally with a feather 
key on the sleeve. A flanged drum is 
journalled on the sleeves between the 
friction discs, and on this drum is wound a 
chain which operates the brake levers. 
Circular friction surfaces of compressed 
wood fibre are fixed on the sides of the 
drum. It will be noticed from the diagram 
that the flanges of the drum overlap the 
friction discs, and cover plates are fixed 
thereto to enclose the discs, exclude dust, 
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and form an oil bath for the friction sur- 
faces. On the end of the sleeve is secured 
a bevel-sided collar, and the hub of the 
movable friction disc is similarly bevelled 
to form with the collar a V-shaped groove 
with which tapered wedge wheels mounted 
on levers connected with the brake rods 
may be engaged to force the friction discs 
and drum into contact. Compression 
springs are provided between the wedge 
wheels and the brake rod, ensuring an 
elastic action of the brake. In this brake 
the friction surfaces are set as far as possible 
from the axle, and the winding surfaces of 
the drum for the brake chain as near as 
possible to the axle; by this means not only 
the power of the brakes is increased, owing 
to the greater leverage of the friction sur- 
faces, but the brake is steadier in action, 
and more responsive to small variations in 
the power applied to it by the motorman. 
The results obtained with a momentum 
brake which has been fitted for trial pur- 
poses on one of the London County Council 
cars show a great improvement over the 
other mechanical types of brake now in use. 
In a momentum brake the force of appli- 
cation is automatically reduced as the 
speed is decreased, and the ideal conditions 
in this respect are more nearly obtained with 
this than witn any other form of mechanical 
brake. This type of brake is 
very powerful, and can be applied 
rapidly with small effort on the 
part of the driver. The tests 
made with one of these brakes, 
fitted to a single-truck car, show 
that at the lower speed the retar- 
dation is quite eqnal to that of 
the other brakes tested on a bogie 
car, but as the speed rises it 
becomes rather less effective. 
One important point is that a 
momentum brake will give good 
results without throwing any 
strain on the costly electrical 
equipment of the car, but as it 
is entirely dependent on the weight 
of the car for its efficacy it does 
not have the great advantage pos- 
sessed by magnetic track brakes. 














A Self-Exciting 
Alternator. 


a oe 


AN interesting development in 
connection with apparatus for the 
generation of alternating current 
was described by Mr. E. F. 
Alexanderson, at a recent meeting 
of the American Institute of Elec- 
trical Engineers, the practical 
features embodied in the con- 
struction of the machine being 
detailed in the Electrical World 
of New York. 

The apparatus consists of a self- 
exciting alternator, the revolving field of 
which, together with its segmental rectifying 
commutator, is shown in Fig. 1. The field 
poles and their windings differ in no respect 
from what are used with any ordinary 
type of alternating-current generator. The 
commutator is built on a straight shell, 
and the segments are held together 
by two steel rings shrunk on the ends 
of the bars. These rings serve as an 
electrical connection between the different 
segments, one of the rings being connected 
to every other segment, and the other ring 
to the rest of the segments. The two 
terminals of the field winding are connected 
to two segments of opposite polarity, and 
consequently to the respective end rings. 
In this way the end rings can be used at 
any time as collector rings for separate 
excitation. 

The current which passes through the 
commutator to the field winding is derived 
from a special exciting winding placed in 
the same slots with the main armature 
winding. The exciting winding is of the 
three-phase type and is connected in “ star,” 
the neutral point of*which is formed by a 
three-part rheostat. Thus in series with 
each coil of the exciting winding is con- 














Field Current Series 
Transformer 

Rhoeostat 
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FIG. 2.—SELF-EXCITING ALTERNATOR. 
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FIG. I,—-SELF-EXCITING ALTERNATOR. 


nected a certain resistance the effective 
value of which is varied automatically 
according to the load. Each section of this 
rheostat is in effect connected in circuit also 
with one coil of a three-phase series trans- 
former, the primary of which carries the 
load current. 

The circuits as joined to one section of 
the rheostat are indicated in Fig. 2. The 
series transformer sends a current through 
the rheostat in a direction more or less 
opposite to the field current, thereby 
eliminating the proper proportion of the 
voltage drop in the rheostat. The elimina- 
tion of the voltage drop in the rheostat 
changes over more or less of the field current 
from the rheostat to the series transformer. 
The secondary current of the series trans- 
former is in phase with the line current, 
while the field current is practically in 
phase with the voltage. The amount of 
boosting in the field current will, therefore, 
depend not only upon the value of the 
secondary current, but also upon the power 
factor of the load. A function of the 
rheostat which is just as important as the 
field control is its influence on the com- 
mutation. As far as the latter is concerned, 
the full resistance of the rheostat may be 
considered as always being in circuit, 
although the larger part of the field current 
may flow through the series transformer. 

The commutation consists in changing 
over the direct current from one phase of 
the exciting circuits to another, and should 
occur a little later than at the moment in 
which the induced voltages are equal in the 
two phases undergoing commutation. The 
moment of commutation should be delayed 
to such an extent that the difference in 
voltage between the two phases begins to 
force through the completed circuit formed 
by the two phases and the rheostat a cross 
current, which issuperimposed on the field 
current, and will weaken the current in one 
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of the phases and strengthen it in the other 
phases, so that one of the phases will carry 
the entire current and none will pass 
through the brush which is leaving the 
segment. 

It is stated that these machines have 
shown favourable results in parallel opera- 
tion with ordinary machines, and also 
with other self-exciting alternators. The 
machines can also be used as synchronous 
motors. 





Variation of Pressure in 
Bearings due to Eccentric 
Loading. 
er Se 


ArisiNnG from a paper on locomotive bear- 
ings read recently before the American 
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RP B 
In Terms of Mean Pressure 


"DIAGRAM SHOWING VARIATION OF PRESSURE IN BEARINGS 
DUE TO ECCENTRIC LOADING. 














Institute of Mechanica] Engineers, is an 
interesting diagram contributed to the 
American Machinist, relating to the effects 
upon bearings of eccentric loading or of 
unsymmetrical supports. 

The chief value of the diagram consists 
n the fact that it shows quickly how greatly 
the pressure varies with even a slight shift- 
ing of the load line. 

The notation employed in the diagram 
and formule is as follows :— 


a is the distance from the point of application of 
he load, or centre of pressure or support, to the 
nearest end of the bearing. It may be called the 
length of the short end. 

d is the diameter of the journal. 

L is the length of the journal or bearing. 

P isthetotal pressure, or support reaction, divided 
by the projected width of the bearing (which may 
be d). 

P; is the unit pressure at the short end of the 
bearing. 

P2 is the unit pressure at the long end. 


The ratio varies from o°5 for 


a bearing loaded in the centre, 
down to o for a bearing loaded 
at one end. The diagram gives 
values of P,; and P, in terms of 
the mean pressure. When the 
distance of the centre of load from 
the short end is equal to one-third 
the length of the bearing, or in 
other words when _ = . as is the 
case with the force P located as 
shown in the figure, the pressure 
on the long end becomes zero, and 
when a is still further reduced the 
pressure on the long end becomes 
negative—that is, it acts in the 
opposite direction. 

The manner of using the dia- 
gram is as follows’ The line of 
action of the force Pis produced 
downward until it intersects one 
of the sloping lines (as at m). The 
abscissa corresponding to this 
ordinate gives the value of the 
pressure at the nearest end of the 
bearing in terms of the mean 
pressure. To find the pressure 
at the other end, draw a hori- 
zontal line through the point of 
intersection m until it intersects 
the other sloping line at »; the 
abscissa of this point gives the 
required ratio. The numerical 
values of the abscisse increase 
right and left from the zero point 
(beneath the point » in the dia- 
gram). 

















The diagram is based on the following 
formule, which express the same relations 
as that givenin the above-mentioned paper, 
though the notation and form of the expres- 
sion are a little different : 


P 6a 
P, = - 
ae 7 (4 t) 


P (6a 
oa * 
cn 2 ( L 2) 





Country Roads and Modern 
Traffic. 





THE attention of a recent meeting of 
the Institution of Civil Engineers was di- 
rected to the above-mentioned subject by 
Messrs. G. R. Jebb, M.Inst.C.E., and 
J. E. Blackwell, B.A., A.M.Inst.C.E., who 
contributed papers of a highly interesting 
character. 

Mr. Jebb, after pointing out that the 
proper maintenance of the country high- 
ways is a matter in which the whole com- 
munity is interested, that the traffic on 
them is probably greater now than it ever 
has been, that many of them are badly 
maintained at extravagant cost, and that a 
new kind of traffic, viz., the motor-car 
traffic, has sprung up during the past few 
years, urged that the present is a specially 
fitting time for,engineers to consider— 
(1) Whether they are adopting the best 
methods of maintaining the roads; (2) What 
improvements are necessary to fit the roads 
for the new and increasing traffic. 

With regard to the first point Mr. Jebb 
specially advocated that the roads should 
be better drained, and kept dry and free 
from mud ; and he enumerated some of the 
advantages which the public would enjoy if 
this were done. Among these advantages 
was the fact that the dust nuisance, which 
had become a very serious question, would 
be practically abolished. He considered 
that the exact cost of labour would be more 
than counterbalanced by less outlay on 
future repairs. 

As to the second point he considered it 
impossible to lay down any general rules 
that would be applicable to all roads in all 
districts; he recommended that the roads 
should be classified, and that they should 
be strengthened and improved on scientific 
principles according to special circum- 
stances. More care should be taken in the 
selection of stone for macadam, and he 
deprecated using local stone because it was 
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the cheapest. He was of opinion that 
money would be better expended in improv- 
ing the existing roads than in making new 
ones. 

Mr. Jebb also strongly recommended that 
all country’ roads should be repairable 
by the county councils, and pointed out 
some of the serious disadvantages of the 
present system, under which the main roads 
only are repairable by the county councils, 
all other roads being repairable by district 
and borough councils. 

If Mr. Jebb’s suggestion as to keeping 
the roads free from mud were adopted 
throughout the country, a large number of 
additional labourers would be permanently 
needed, and it is unquestionable that their 
work would be remunerative. If the roads 
were generally improved, a further large 
number of men would be wanted for several 
years to come, and no better or more useful 
work could be found for some of the able- 
bodied men who now swell the ranks of the 
unemployed ; further, the work would be 
free from the serious objections which have 
been raised to many of the schemes which 
have been suggested for the benefit of that 
class. 

The author of the second paper, Mr. 
Blackwell, pointed out that it was now 
universally acknowledged that a radical 
improvement was required in the main roads 
of England, so that heavy traffic, consisting 
of traction-engines, motor-lorries, and heavy 
carts, would not cut up the surface and 
render it inconvenient for light, fast traffic, 
including motor-cars, light carriages, and 
cyles, and that foot-passengers should be 
protected from being run down or choked 
with dust by motor-cars. He suggested 
the gradual alteration, as funds allowed, of 
existing main roads into twin roads, one for 
heavy traffic and the other for light, 
separated by a fence anda footpath. From 
what little data at present existed on the 
subject of the cost of maintenance of roads 
required for heavy traffic only, or for light 
traffic only, it appeared probable that a 
saving of expense would, in the long run, 
result ; and there would be, beyond doubt, 
advantages to the users of the road by 
separating the traffic. Whether the advan- 
tages would be worth the initial cost of 
alteration was a matter of opinion. 

The details of construction would vary 
considerably according to local circum- 
stances, the amount and weight of traffic, 
the value and nature of adjoining land, the 
cost of material delivered, &c. The 
minimum width of the two roads and foot- 
path together should be at least 46 ft. 
between fences, 21 ft. for each road and 
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4 ft. for the footpath. The surface water 
would be conducted into a pipe drain 
under the footpath by pipes laid near the 
surface under the light road, and by cross 
gutters over the heavy road, both roads 
sloping down towards the outer sides and 
towards the footpath. The two roads 
would converge into one at the entrance 
of a village or any confined space. All 
crossings of roads would be notified by 
sign-posts, and speed of traffic reduced to 
a safe maximum. At gateways into fields 
on the sid of the light road a space would 
be left in the wire fence, closed by a rail 
pivoted to a post near one end, and open- 
ing upwards, assisted by counterpoise at 
the other end. 

For purposes of considering the probable 
cost of conversion of a road into a twin 
road the items which would occur on a 
typical road are set out below with sug- 
gested prices. It is assumed that the road, 
originally 30 feet wide, is widened to 46 
feet between tences, and that the extra land 
required for this widening is given by 
the adjoining owner for the good of the 


public. 
Per lineal yard. 
j a. ie 
Moving fence... o 2: 6 
Removing sod and earth 0 0 2 
Foundation stone, de- 





livered . a EAS SS 
Road metal (3- inch 
gauge), delivered ... 0 3 4 
Labour, packing, spread- 
ing, and rolling ae @ 3.8 
Labour, making up foot- 
path... “wi ee Be 
Making up sad Toad ... 0 9 6 
Fencing ... oe (ee 
is, 37 
i ocnaennenne 


This would be practically {£1,900 per 
mile. 





The Widnes and Runcorn 
Transporter Bridge. 
ee 


As the only convenience for vehicular 
traffic between the Lancashire and Cheshire 
sides of the River Mersey was by means of 
the cumbersome ferries at Liverpool, or by 
the bridge at Warrington, considerable in- 
convenience was experienced by manufac- 
turers, farmers, and others on both sides of 
the river, and, in 1817, Telford was asked 








to design a suitable scheme for crossing the 
river at Runcorn. He proposed a suspen- 
sion bridge, of 1,000 ft. span, having a 
30 ft. roadway ; but the scheme was never 
carried out. Several other schemes for 
bridges and tunnels have since been pro- 
posed, but in each case the cost has pre- 
vented the scheme from being proceeded 
with. 

Application was made to Parliament for 
powers to construct a transporter bridge 
between Widnes and Runcorn, and after 
much opposition, the Act was obtained in 
July, 1900 ; a company was formed, strongly 
supported financially by the corporations 
of both Widnes and Runcorn, and the 
contract for the work was let in November, 
Igol. 

The principle of the transporter bridge 
was designed by Mr. Charles Smith, of 
Hartlepool, who, in 1873, planned one to 
cross the River Tees at Middlesbrough. 
This was not constructed, but similar 
bridges have been erected at Bizerta, Portu- 
galete, Rouen, and Rochefort ; and one on 
this principle is now being erected at New- 
port, Mon.* 

The Widnes and Runcorn bridge was 
described and illustrated in detail during 
the course of construction in a previous 
issue of THE ENGINEERING REviEw,f but 
a paper by one of the engineers, Mr. 
J. J. Webster, M.Inst.C.E., recently read 
before the Institution of Civil Engineers, 
contains additional information. 

The bridge crosses the River Mersey and 
the Manchester Ship Canal with one span 
of 1,000 ft., and approach viaducts 35 ft. 
wide, on both sides of the river. The bridge 
is similar in construction to an ordinary 
cable stiffened suspension bridge ; but in- 
stead of the costly high-level approaches, 
the traffic is carried across by means of a 
car suspended from a trolley running on 
the underside of the stiffening girders, and 
driven electrically. 

The cables are supported by two towers 
on each side of the river, the towers being 
square in plan, with braced legs at each 
corner having a curved profile; the width 
at the bottom is 35 ft., and at the top 4g ft., 
the height from high-water line to the 
centre of the cables being about 175 ft. 
Each pair of towers is braced together with 
two double-braced curved girders at the 
top, and at the level of the top of the stiffen- 
ing-girder. The towers rest upon four cast- 
iron cylinders, g ft. in diameter, which are 
founded on the rock. 





* For description see THe ENGINEERING REVIEW, 
vol. xili., p. 217. 
t Vol. x., pp. 28—32. 























There is one cable from tower to tower, 
each cable carrying a stiffening-girder 1g ft. 
deep, hinged at’ the centre. Each cable 
has an area of 50 sq. in., made up of 
nineteen strands laid parallel, and clamped 
together ; the steel wires—o'162 in. in dia- 
meter—having a breaking strength of 95 
tons per square inch. The cables are 
attached to forged steel cross-heads, to 
which are coupled the steel links taken 
down to anchor-plates in pits excavated in 
the rock and filled in with concrete. 

The suspenders from the cables to the 
stiffening-girders are steel wire ropes 13 in. 
in diameter, spaced 18 ft. apart, and are 
coupled to bridles attached to the cast-iron 
clips of the cables. The cables are coated 
with a bituminous compound, and wrapped 
with two layers of strong sailcloth saturated 
with the same solution. A number of 
experiments were made with different forms 
of steel ropes and connections, details of 
which were given in the paper. Some 
interesting experiments were also made 
with steel pins, the results of which show 
that in designing pins for bridge-work, 
although they would fail by shear, they 
should be designed to withstand the bend- 
ing moments. 

The car-trolley, which runs on rails on 
the bottom flange of the stiffening-girder, is 
79 ft. long, articulated in five sections, and 
4 ft. 10 in. deep; there are bogie wheels on 
each side 18 in. in diameter. The motive 
power consists of two electric motors of 
36 b.h.-p., each driving, through gearing, 
one pair of wheels. The trolley is fitted 
with electric and hand brakes, the whole of 
the machinery being under the control of 
the man in the cabin at the top of the car. 
The car is 55 ft. long and 24 ft. wide, and 
travels at a speed of seven miles per hour. 

The generating machinery is contained 
in a building at the bottom of one of the 
Widnes towers, and consists of two gas- 
engines of 75 h.-p. each (one being spare), 
two dynamos of 48 kilowatts capacity (one 
being spare), one booster, and an accumu- 
lator with a battery of 245 cells. The 
machinery supplies the necessary current 
for driving the car and illuminating the 
structure, and was designed in consultation 
with Dr. Edward Hopkinson. 

The total cost of the structure, including 
the cost of obtaining the Act, was about 
£130,000. 

The engineers for the work were the 
author and Mr. John T. Wood, M.Inst.C.E., 
the resident engineer being Mr. L. H. 
Chase, M.Inst.C.E. The contractors for 
the masonry, &c., were Messrs. W. Thorn- 
ton & Sons, Liverpool; the contractors for 
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the superstructure were Messrs Arrol’s 
Bridge and Roof Co., the cables being 
constructed and erected by the St. Helens 
Cable Co. The electric machinery was 
constructed and erected by Messrs. 
Mather and Platt, of Manchester. 





Gigantic Testing Machine. 
—-—>——_ 


Messrs. W. & T. Avery, LIMITED, of the 
Soho Foundry, Birmingham, have now 
under construction for the engineering 
section of the Birmingham University a 
huge machine for testing whole members 
of constructional work, such as complete 
girders, columns, roof principals, and every 
part in the construction of bridges, roofs, 
and machinery, in fact, the machine will 
test any and every part that can possibly 
be used in engineering work. 

The machine is designed to test specimens 
for tension, compression, and transversely. 
The maximum capacity is 300 tons, the total 
length 7o ft., and the weight of the metal in 
the machine is about 85 tons. The load 
is applied by an hydraulic cylinder and 
ram, and is arranged to test specimens in 
tension up to 25 ft., in compression up to 
30 ft., and transversely up to 20 ft. long. 
The machine is one of the largest of its 
kind that has ever been made, and is 
specially comprehensive in order to give a 
wide range of tests, and is so arranged that 
an operator can govern from one position 
the hydraulic power applying the strain 
and the recording steelyard. 

The machine will be a great acquisition 
to the University and to the city of Bir- 
mingham. 





Piston Block for an Air 
Compressor. 





A CORRESPONDENT writes: “It will no 
doubt interest readers of THE ENGINEER- 
ING ReEvIEW to see how a well-known 
American shop constructs a piston block for 
a high-pressure (150 lbs.) cylinder in an air 
compressor. 

‘“‘ The piston is composed of two pieces of 
cast iron—one being only 4 in. thick— 


riveted together by four § in. countersunk 














PISTON BLOCK OF AIR COMPRESSOR. 


rivets. This piston, as was to be expected, 
broke up into several pieces after a short 
period of work without fortunately damag- 
ing the cylinder. The drawing shows where 
the fractures took place. I do not go so 
far as to say that all American machines 
show the same defective construction, but 
it is certainly advisable for one to carefully 
inspect all parts before making a purchase.” 





Tests of Reinforced 
Concrete Beams. 


————— 


In a paper by Mr. J. J. Harding, read 
before the Western Society of Engineers, 
particulars will be found relative to a set 
of tests conducted by the Chicago, Mil- 
waukee and St. Paul Railway on reinforced 
concrete beams of large size. The results 
are valuable for the reason that they em- 
phasise the necessity for making due 
provision against diagonal stresses on rect- 
angular beams and in giving information 
as to the efficiency of diagonal reinforce- 
ment in beams where depth is consider- 
able in proportion to length. The author 
does not suggest any method for deter- 
mining the- exact amount of diagonal 
reinforcement in a given beam, and this 
is not particularly to be regretted, because 
we have at once too many formule and 
too few data on the subject of reinforced 
concrete design. No features of novelty 
dre presented in the conclusions of the 
author, except one in which it is suggested 
that 0°75 per cent. of steel is the maximum 
economical proportion for beams subject 
to heavy loads. We cannot agree with 
this view, and, moreover, it is not a fair 
deduction from experiments in which no 
other percentages of steel were employed. 
In point of fact considerably higher per- 
centages of reinforcement are often neces- 
sary in practice. 
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The Outer Barrier, Hod- 
barrow Iron Mines. 


—o—— 


TuHeE large sea-barrier recently con- 
structed for the protection of the hematite 
iron-ore mines of the Hodbarrow Mining 
Company, at Millom, was described in a 
recent paper read before the Institution of 
Civil Engineers by Mr. H. S. Bidwell, 
M.Inst.C.E., who acted as resident engineer 
of the undertaking. 

The author began with a short account of 
the mines, their geographical position, early 
working, and subsequent development ; of 
the measures adopted from time to time for 
protection against the inroads of the sea; 
and of the events which led to the design 
and construction of the latest defence- 
work, which was begun in April, 1900, and 
completed in June, 1905. 

The object of the outer barrier in the 
reclamation of a large area of ore-bearing 
ground which was covered by the sea at 
high water, and also the prevention of the 
percolation of sea-water into the mines. 
The area reclaimed by the construction of 
the barrier is 170 acres. The barrier has 
the form of an arc, and is 1 mile 530 yards 
in length; it has an extreme height of 40 ft., 
and an extreme width of 210 ft. at its base 
and 83 ft. at thetop. It consists of a main 
outer bank of rough limestone, protected 
against the stroke of the sea for the greater 
portion ofits length by a facing of irregularly 
deposited concrete blocks, each weighing 
25 tons, an inner and smaller bank of the 
same material, and a filling of clay between 
these two banks; while to guard against 
percolation of water beneath the barrier a 
water-tight cut-off is provided below the 
surface of the foreshore under the heart of 
the embankment. Of this cut-off, 345 yards 
is formed by a puddled trench, 400 yards by 
grooved and tongued pitch-pine sheet- 
piling, and 1,545 yards by steel sheet-piling. 

At the centre of the barrier are four 
sluice-ways, constructed of concrete, for 
the discharge of water that may accumulate 
in the reclaimed area. 

A special feature is the steei sheet-piling, 
of which particulars were given as to the 
design, arrangements for driving, and 
methods adopted for expediting the work, 
with records of results. 

Particulars were given of the quarrying 
of the limestone for the embankment, and 
of the methods of depositing this material 
and the clay hearting in the work; also of 
the preparation and placing in position of 
the concrete wave-breaker blocks. The 

















construction of the sluice-culverts and their 
machinery was described in detail, with an 
account of additional protective measures 
which were adopted at this part of the work 
owing to the exceptionally bad ground 
encountered in the foundations. 

The final exclusion of the sea from the 
area to be reclaimed was accomplished by 
means of a temporary timber dam. This 
structure was 422 ft. in total length, its ends 
being enclosed to the extent of 83 ft. in the 
temporary extremities of the embankment. 
In it were thirty-six sluices, each 6 ft. by 
4 ft. 4 in. Practically the whole of this 
structure was, after the exclusion of the 
water, enclosed in the embankment. 

The outer barrier was designed by 
Messrs. Coode, Son and Matthews, and 
was carried out by Messrs. J. Aird & Co, 
as contractors, the same firms having been 
respectively responsible in the same capaci- 
ties for the sea-wall previously constructed, 
which, having served its purpose by per- 
mitting of the abstraction of the ore behind 
it, is superseded by the new embankment. 





The Baker Street and 
Waterloo Railway. 
—_—_o—- 


Lonpon’s latest tube railway providing elec- 
tric communication between the north and south 
and connecting en route with several important 
railway systems, has been opened to the public 
since the appearance of the last issue of THE 
ENGINEERING REviEw, The total length of 
the authorised line is 5} miles, but the length 
at present being worked extends from Baker 
Street on the north to Kennington on the 
south, leaving the sections betweea Baker Street 
and Paddington, and Kennington and the Ele- 
phant and Castle still to be completed. The 
chief features of interest distinguishing the new 
from existing underground electric lines, are as 
follows :—- 

Permanent Way.—The running rails are laid 
in separate tunnels, 11 ft. 6 in. in diameter, and 
are in 35 ft. lengths, weighing go lbs. to the 
yard. They are supported on Australian Karri 
non-inflammable sleepers, carried on a mixture 
of sand and cement grout with ballast concrete 
at the middle portion of the sleepers between 
the chairs, This particular form of track con- 
struction has been adopted specially to reduce 
vibration, which latter has proved a source of 
considerable trouble on other tube railways. 
The conductor rails are square in section, and 
havea conductivity one-sixth that of pure copper. 
The positive rail is laid outside the running 
rail, current being returned along the centre 
rail. This arrangement was necessary because 
the ‘‘ Westinghouse "’ electric-pneumatic sys- 
tem of automatic signalling has been adopted, 
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involving the use of the running rails as conduc- 
tors carrying the current for operating the signals. 
The line is on the down grade from north to 
south, the maximum gradient being 1 in 30. 

Ventilation.—A source of trouble particularly 
associated with the Central London Railway 
consisted in the difficulty of obtaining adequate 
ventilation. On the new railway particular 
attention has been paid to the ventilating sys- 
tem, which is made up of six exhaust fans 
installed at various stations along the line, 
whereby 18,500 cubic feet of air is withdrawn 
per minute, fresh air from the surface finding 
ingress vid the station staircases. This fresh 
air is distributed through the tunnel system by 
the movement of the trains. 

Lifts.—The lift accommodation leaves nothing 
to be desired. The cages which are of steel 
and Karri wood are commodious, having a floor 
area of 150 sq. ft. Passengers leave by the 
opposite gate to that at which they entered, and 
the gates are operated by compressed air. 

Signalling. —As already mentioned, the ‘‘ West- 
inghouse’’ system, comprising automatic and 
semi-automatic working has been installed, 
each train operating the signals automatically 
as it travels along. A safety apparatus is pro- 
vided whereby a train is prevented from run- 
ning pastasignal set atdanger. This is effected 
by an arm outside the running rail, which is 
raised when the signal is in a danger position, 
and which engages with a cock on the air 
system of the train, thus automatically applying 
the brakes. 

General Features.—Current for operating the 
trains is furnished from the Lot’s Road Station 
of the Underground Electric Railway Co. It 
is supplied through two high-tension cables at 
11,000 volts, 3-phase, and is transformed down 
to 375 volts at the three sub-stations and after- 
wards converted to direct current at 600 volts. 
Four low-tension cables supply current for the 
lifts, lighting and telephone services. In con- 
nection with the latter, it may be mentioned 
that a set of telephone apparatus is provided 
on every motor car, with means of establishing 
easily a connection with a pair of bare copper 
wires installed in each tunnel between each 
station, thus bringing the latter within call in 
case of emergency. The rolling stock consists 
of 36 motor and 72 trailing vehicles, of steel 
construction, the system of control adopted 
being that of the * Sprague Thomson-Houston.’” 
Two motors of 200 h.-p. each are fitted to each 
motor coach. Another safety device has been 
provided in connection with the controller. 
Should the handle of the latter be released by 
the driver the current is automatically cut off 
and the brakes applied. To afford additional 
security to passengers on a system where every 
precaution against fire and accident has been 
taken, a well lighted and easily accessible foot- 
path has been provided running the whole 
length of the line. A three minutes’ train ser- 
vice is maintained, the average speed, including 
stops, being 14 miles per hour, with a maximum 
of 35 miles per hour between stations. 
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Twenty-six Graduated Exercises in 
Graphic Statics, with an Essay 
on Graphical Statics. By T. ALEx- 
ANDER, M.Inst.C.E.I., and A. W. THomson, 
D.Sc.C.E. (London: Macmillan & Co.) 
Ig05. Price, IOs. 

This book forms a useful supplement to the 
standard work on ‘‘ Elementary Applied 
Mechanics "’ by the same authors, and should 
be generally appreciated by students. Being 
printed on sheets measuring about 1g in. by 
143 in., the diagrams are of ample dimensions, 
a feature of some importance to those who 
desire to make practical use of the methods set 
forth. The essay on graphical statics, on the 
first two and last three pages, is really a running 
commentary on the exercises provided by the 
diagrams. The graduated course of study here 
provided elucidates the application of graphic 
statics to various structures, such as_ roofs, 
girders, retaining walls and bridges. This is 
decidedly a book that ought to be in the hands 
of every engineering student. 


Public Provisions of the Metropolis 
Water Act, 1902. By JoserH REEson, 
(London: Butterworth & Co.) 1903. 
Price, Is. net. 


For the purpose of completing his volume, 
entitled ) ens me Gas and Water Acts,’ 
which was reviewed in our issue of February, 
1903, the author now issues in pamphlet form 
a copy of the new Act for the metropolis, 
together with explanatory notes, and at the 
same time announces that some addenda are 
published, free of cost, for insertion in the 
main volume. These supplements have the 
effect of bringing the work up to date 


Painter’s Oils, Colours, and Var- 
nishes. Edited by Paut N. HaAstuck. 
(London: Cassell & Co., Ltd.) Price, 2s 

The subject-matter of this handbook was 
originally published in the form of contribu- 

tions to the Buiiding World. and includes a 

series of articles by Mr. H. B. Stocks, F.¢ 

As a fairly comprehensive collection of infor- 

mation the book will be both useful and con- 

venient to those requiring general knowledge 
relative to the materials considered. 


Practical Plumbers’ Work. Edited by 
Paut N. Hastuckx. (London: Cassell & 
Co Ltd.) P rice, 2S. 


This is another of the technical manuals 
compiled from the pages of the Building World. 
It is really an excellent and well illustrated 
little treatise upon simple forms of plumbing 
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work proper—that is to say, the manipulation of 
sheet lead and lead pipes, and their application 
in constructional and domestic engineering. In 
the fact that the bulk of the matter and most of 
the illustrations were furnished by Mr. J. 
Wright Clarke, the public will find an addi- 
tional recommendation in favour of this book. 


Practical Pattern Making. Edited by 
Paut N. Hastuckx. (London: Cassell & 
Co., Ltd.) Price, 2s. 


It would obviously be impossible to give 
within the limited space afforded by a volume 
of about 150 pages, such as that here noticed, 
anything like a complete dissertation upon so 
important a subject as pattern-making, still, as 
a primer, the book possesses distinct merit. 
The general hints on foundry practice, on 
pattern-making in general, and on patterns for 
specific forms of casting of frequent occurrence 
in mechanical engineering, cover a great deal 
of useful information, the value of which is 
considerably enhanced by the workmanlike 
character of the illustrations, with which each 
chapter is liberally provided. Most of the 
subject-matter is drawn from the columns of 
the Building World. 


The Practical Telephone Handbook 
and Guide to the Telephone Ex- 
change. By JoserH Poo rg, A.I.E.E. 
Whitworth Scholar, of the Technical Staff, 
National Telephone Co., Ltd. Third edi- 
tion, 1906. (London: Whittaker & Co.) 
Price, 6s. net. 


Mr. Poole published the first edition of this 
work in 1895, and he now presents to the public 
a third edition. In the ten years that have 
elapsed since the book first appeared, great 
strides of progress have been made in this 
country in telephony, so that the practice of the 
art has been greatly improved and in many 
respects revolutionised, and, in consequence, this 
new edition is largely a new work. The net 
result is that we are presented with a complete 
exposition of telephone practice as it exists to- 
day, an exposition which omits no detail of 
any importance whatever, but deals thoroughly 
with every point brought up for discussion. It 
is not necessary for us to discuss the contents 
of the volume in detail —indeed, so complex is 
the working of a telephone exchange, that to 
attempt to discuss the author's analysis in all 
its branches would demand much more space 
than can be allowed for this review. It should, 
however, be mentioned that, in view of the 
recent controversies in the technical press, 
regarding the systems adopted by some of the 
municipalities for their telephone undertakings, 
the author devotes a special chapter to these 
‘‘special exchange systems,” showing their 
advantages and disadvantages, but at no time 
adopting a controversial, or other than purely 
scientific, attitude. 

This description of Mr. Poole’s work is 
admittedly but little more than a catalogue, 




















and does but scant justice to the author, and 
we therefore have pleasure in adding that, from 
our own examination of the work, we have been 
impressed by the thoroughness with which he 
has fulfilled his task, by the clearness of all his 
descriptions, and by the sound practical instruc- 
tion given throughout to the reader. To tele- 
phone engineers the work will be most useful. 


Telegraphy : A Detailed Exposition 
of the Telegraph System of the 


British Post Office. by E. 
HERBERT, A.M.Inst.E.E., Ly 'p ost 
Office Telegraphs. 1906. (London 


Whittaker & Co.) Price, 6s. 6d. net. 

The sub-title to this volume gives a very good 
description of its contents. The author makes 
it his aim to give a detailed exposition of the 
telegraph system of the British Post Office, and 
a very excellent exposition is the result. As an 
engineer engaged in the telegraph department 
of the Post Office, he is, of course, thoroughly 
familiar with the present practice there adopted, 
and to his, practical knowledge and experience 
he adds the power of explaining matters in 
such a way as to make them readily under- 
stood by the reader. We gather trom the 
preface that Mr. Herbert has had extensive 
experience as a teacher, and this is most useful 
to anyone undertaking to write a_ text-book. 
Mr. Herbert has kept specially in view those 
students who are preparing for the Depart- 
mental and City and Guilds examinations in 
telegraphy, and for these, and for many others, 
he has here set out a most useful and practical 
course of instruction. 

It is, however, not only the practical side of 
the subject which is here treated. Telegraphy 
is based upon fundamental principles in the 
science of electro-magnetism, and these must be 
understood if the reader is to have more thana 
mechanical knowledge of the subject. An 
introductory chapter is, therefore, devoted to 
them, and in subsequent chapters theoretical 
matters arise from time to time and are briefly 
explained. Thus, for example, in the chapter 
on galvanometers the student finds worked 
out very clearly the laws of shunts, which, 
although simple, often confuse the beginner ; 
again, in the chapter on condensers, we find at 
the outset a brief, but sound, exposition of 
‘capacity "—treated, as it should be, from the 
conception of stresses in the dielectric—which 
is pleasant to read. 

In dealing with the practical side of the 
subject the author is really practical—that is, 
he does more than set out descriptions of 
different pieces of apparatus; he explains their 
operation and, wherever useful, gives hints, 
drawn from experience, regarding little details 
by attention to which the student may profit 
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considerably., A useful adjunct to the earlier 
chapters is found in the practical problems 
worked out numerically in the text. Submarine 
and wireless telegraphy are not touched upon, 
as each of these is sufficiently wide to require 
a separate text-book; but all the details of 
inland telegraphy are fully considered. The 
volume appears to us to give the most com- 
prehensive description of present-day practice, 
and may be recommended to all students of the 
subject. 


Workshop Costs, for Engineers and 
Manufacturers. By SINCLAIR PEARN 
and Frank PEARN. Second Edition, 1905. 
(The Technical Publishing Co., Ltd., 
Manchester.) Price, 12s. 6d. net. 


Judging by the number ofarticles published 
during the iast few years in the technical press 
relative to the systematic treatment of manu- 
facturing costs, it might fairly be assumed that 
engineering firms in this country were sadly 
deficient in respect of book keeping. Further, 
from the fact that many of the articles to 
which we refer are based upon practice in the 
United States, it may be thought that the 
editors responsible for publication have suffered 
from that injudicious worship of all things 
American which was prevalent not long ago. 
We have much respect for the engineers of the 
United States, and appreciate to the full their 
admirable methods of workshop organisation. 
But at the same time we cannot shut our eyes 
to the fact that nearly all the leading British 
manufacturing engineers have possessed for 
many years past systems of organisation that 
compare favourably with any of the much 
advertised Transatlantic methods. As a case 
in point, we refer to the system of workshop 
costs which has been in successful operation 
for some twenty years in the manufactory of 
Messrs. Frank Pearn & Co., Manchester, and 
which is fully explained in the volume now 
under review. The great advantages of the 
system here set forth are its thoroughly 
practical character and its proved efficiency. 
It is not like the academic proposals of theorists 
or the newly-devised schemes of enthusiastic 
reformers. Simplicity and ready adaptability 
are absolute essentials in any system of work- 
shop accounts, and it is well-known that the 
elaborate methods adopted in some British 
engineering works have proved so costly and 
inconvenient that they had finally to be dis- 
carded. Having carefully examined the details 


of the system so clearly described and 
illustrated by Messrs. Sinclair and Frank Pearn, 
we have every confidence in commending it to 
the attention of our readers as one entirely 
suitable for ordinary engineering and kindred 
industrial establishments. 
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The Economy of Steam Turbines compared with 
that of Reciprocating Engines. Electrical World, 
New York, 24th February, 1906. 
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way Work. Engineer, Chicago, 1st March, 1906. 
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Machine Tool Design, XVII. Engineer, 2nd 
March, 1906. 
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High Speed Lathe Tests. Mechanical World, 
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Power Required by Machine Tools. Proceedings 
Engineers’ Society, West. Pennsylvania, February, 
1906. 

The English Precision Lathe and the Newall 
Measuring Machine. American Machinist, 24th 
February, 1906. 
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Projected International Railways. Engineer, 9th 
March, 1906. 

South Pacific Terminal Depét at Alameda Mole. 
Railway Age, 16th February, 1906. 

125-Toen Locomotive Weighing Machine. En- 
gineer, 16th February, 1906. 

Repair Shop Practices of the Toronto Railway. 
Street Railway Fournal, 1oth February, 1906. 

Goods Offices, Paddington ; Great Western Rail- 
way. Railway Engineer, March, 1906. 

Gas Power in the Operation of High-Speed Inter- 
urban Railways. Engineering Record, 17th Febru- 
ary, 1906. 

The “ Leitner-Lucas"’ System of Train Lighting. 
Engineering, 16th February, 1906, 


Automobilism and Road Traction. 


The Brayton Engine Cycle. Autocar, 24th Feb- 
ruary, 1906. 


The Improved Xenia Carburetter. Autocar, 24th 
February, 1906. 


A Car with a Valveless Motor. Autocar, 24th 
February, 1906. 


Experiments on the Use of the Engine as a Brake. 
Automobile Club Fournal, 22nd February, 1906. 


Automobile Construction, IV., V., VI. American 
Machinist, 10th, 17th and 24th February, 1906. 


The Horseless Carriage, 1885—1905. Fournal 
Society of Arts, 16th February, 1906. 


The First Motor Car (Cugnot, 1770). La Loco- 
motion Automobile, 9th and 16th February, 1906. 


Diagram for Ascertaining Gear Ratios of Cars. 
Autocar, 1oth March, 1906. 


The Sentinel Steam Wagon. 
March, 1906. 


Pneumatic Tyres: Their Use and Abuse. Avfo- 
mobile Club Fournal, 15th February, 1906. 


A New Steam Lorry. Engineer, 2nd March, 1906. 


Engineer, oth 


Balancing of Petrol Engines, continued, Ato- 
car, 17th and 24th February and 3rd March, 1906. 


Some Unsolved Problems in Motor Engineering. 
Automobile Club Fournal, 17th February and 1st 
March, 1906. 

The New 30 h.-p. Peugest Car. Autocar, 3rd 
March, 1906. 


Front Wheel Driving for Motor Vehicles. 
Zeitsch. des Oesterr. Ingr. und Arch. Vereines, oth 
February, 1906. 


Motor Car Brakes. Zeitsch. des Vereines Deutscher 
Ingr., 17th February, 1906. 


The Two-Cylinder Argyll.” Autocar, 10th 
March, 1906. 

















The ‘‘ Rankin Kennedy” System of Magneto- 
Ignition. Engineering, 16th February, 1906. 


Electric Lighting. 


Waste in Incandescent Electric Lighting and 
some Suggested Remedies. Proc. Inst. Electrical 
Engineers, 15th February, 1906. 

Electric Lighting at Tientsin. Electrical Review, 
23rd February, 1906. 

The Lighting of Dining and Bedrooms. Elec- 
trical World, New York, 3rd February, 1906. 


The Artificial Lighting of Works. Iron and Coal 
Trades Review, 2nd March, 1906. 


Wiring with Wooden Mouldings. Electrical 
World, New York, 3rd February, 1906. 


Electrical Generation and Trans- 
mission. 


The London County Council Tramway Power 
Station at Greenwich. Engineering, 2nd March, 
1906. 

Protection of Alternating Current Generators 
against Reversal of Energy. Western Electrician, 
17th February, 1906. 

Generating Station for the Electric Railways in 
Belfast, Ireland. Electrical World, New York, 10th 
February, 1906. 

Niagara Power Schemes. Engineering, 16th Feb- 
yuary, 1906. 

The Mansfield Electrical Undertaking. Elec- 
trical Review, 16th February, 1906. 


The Hydro-electric Plant at the River Tusciano. 
Revista Tecnica, 9th February, 1906. 


New Iron Cored Instruments for Alternate Cur- 
rent Working. Proc. Inst., Electrical Engineers, 
February, 1906. 

Transmission Line from Niagara Falls to Syra- 
cuse. Western Electrician, 24th February, 1906. 


A Contribution to the Theory of the Single-Phase 
Induction Motor. Electrical Review, 16th February 
and 2nd and gth March, 1906. 


Power Plant Economies. Western Electrician, 
10th February, 1906. 


The ‘“ Cooper Hewitt"’ Single-Phase Convertor. 
Electrical World, New York, 1otk February, 1906. 


The Conversion of Energy in Dynamo Machines. 
Elek. und Maschinenbau, 25th February, 1906. 


Alternating-Current-Commutator Motors. Elek. 
und Maschinenbau, 18th February, 1906. 


Fixing the Dimensions of * Alternating-Current 
Machines, with regard to Changes of Tension. Elek. 
und Maschinenbau, 4th February, 1906. 


Power Plant in a Modern Poultry House. En- 
gineer, Chicago, 1st March, 1906. 

A Note on the Calculation of the Armature 
Reaction of Alternators. Technology Quarterly, 
December, 1905. 


A Study of a Single-Phase Series Motor. Tech- 
nology Quarterly, December, 1905. 
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Faults in Induction Motors. Engineer, Chicago, 
1st February, 1906. 


Crane Motors and Controllers. Abstract Paper 
before Institute of Electrical Engineers by Claude 
W. Hill. Electrical Times, 1st March, 1906. 


Conversion of Three-Phase to Quarter-Phase 
Currents. Western Electrician, 3rd February, 1906. 


Electric Traction. 


Technical Considerations in Electric Railway 
Engineering. Electrical Review, 23rd February, 
1906. 

Electric Traction in the Simplon Tunnel. 
Engineer, 2nd March, 1906. 


Comparison between Single-Phase and Three- 
Phase Equipment for the Sarnia Tunnel. Street 
Railway Fournal, 17th February, 1906. 


Electrification of the New York, Newhaven and 
Hartford Railroad. Street Railway Fournal, 17th 
February, 1906. 


The Warren and Jameson Electric Railway. 
Street Railway Fournal, 17th February, 1906. 


The Belfast Tramways. Street Railway fournal, 
3rd February, 1906. 


Single-Phase Traction on the Borinage Railway. 
Tramway and Railway World, February, 1906. 


Single-Phase Railway in Paris, Street Railway 
Fournal, oth February, 1906. 


Bow Trolleys for Electric Cars. Elek. Bahnen u. 
Betriebe, 14th February, 1906. 


Experiments in Electric Traction on the Swedish 
State Railways. Elek. Bahnen u. Betriebe, 14th 
February, 1906. 

Recent Tests with a 15,000 Volt, Single-Phase 
Locomotive in Switzerland. Street Railway 
Fournal, 24th February, 1 306. 

Energy expended on Car-wheel Acceleration. 
Engineering, 9th March, 1906. 

Single-Phase Railway Motors and Methods of 
Controlling them. Electrical Engineer, 9th March, 
1906 

New Electric Motor Cars, Lancashire and York- 
shire Railway. Railway Gazette, 2nd March, 1906. 


Modern Underground Construction. Electrical 
World, New York, 1oth February, 1906. 


St. Gallen Trogen Interurban Railway in Switzer- 
land. Western Electrician, 1oth February, 1906. 


Rapid Transit in Philadelphia. Engineer, 16th 
February, 1906. 


A New Automatic Track Switch. Street Railway 
Fournal, 3rd February, 1906. 


The Electrification of Trunk Line Railways. 
Railway Age, 2nd February, 1906. 


The Work of Superposing Three Lines of the 
Metropolitan Railway of Paris at the Place de 
I’ Opera. Engineering News, 1st February, 1906. 


American Tramways. Tramway and Railway 


World, February, 1906. 

Experimental Rolling Stock for the Blankenese 
and Ohlsdorf Suburban Railway. Tramway and 
Railway World, February, 1906. 
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Metropolitan District Railway Company's Loco- 
motives. Tramway and Railway World, February, 
1906 

Signalling on the Great Northern and City Rail- 
way. Tramway and Railway World, February, 1906. 


Bonding and other Track Improvements on the 
Calumet Electric Railway. Street Railway Fournal, 
roth February, 1906 


Miscellaneous Electrical Subjects. 


The passage of Electricity through Liquids. En- 
gineering, 23rd February, 1906. 


Electric Cranes, XIX., XX. Mechanical World, 
16th February and goth March, 1906. 


The Magnetism in Induction Motors. Electrical 
World, New York, 24th February, 1906. 


Hydro-electric elevator in Tudor Apartment 
Building, Chicago. Western Electrician, 24th 
February, 1906. 

Conduit Wiring for Electric Installations. 
Electrical Review, 2nd March, 1906. 


Electrically operated Floating Fuel Depdét for 
Coal Warships, Western Electrician, 3rd Febru- 
ary, 1906. 

Hammetschward Electric Lift on the 
ck Summit in the Alps. Western 
ian, 24th February, 1906 





Mercury Arc Rectifier for Charging Storage 
Batteries. Scientific American, 17th February, 1906. 


Marine Engineering and Naval 
Architecture. 


Coal Bagging Lighter. Engineer, 2nd March, 
1g00. 

Modern Warships. Engineering, 23rd February, 
1906. 

The “‘ Parsons" Marine Motor. Autocar, 3rd 
March, 1906 

The Cruiser. Technology Quarterly, December, 
1905. 

The new P. & O. Liner Dongola. Marine En- 
gineering, February, 1906. 


Experimental Researches on the Performance of 
Screw Propellers. Marine Engineering, February, 
1go6 

Some Problems in Ferryboat Propulsion. Marine 
Engineering, February, 1906. 

Motor Boats, VIII, Marine Engineering, Febru- 
ary 1900. 

Screw Propellor Controversy. By Mr. James 
Howden Trans. Inst. Engineers and Shipbuilders, 
23rd Fanuary, 1906. 


Notes on Floating Shelters for Motor Boats. 
Annales de L'Assoc. des Ingrs.de Gard. Vol. IV., 
Pt. 2 

Influence of Depth of Water on Speed of Torpedo- 
boat Destroyers. Zeitsch. des Vereines Deutscher 
Ingr., 3rd March, 1906. 


Pneumatic Tools as applied to Ship Construction 
and their advantages to Shipbuilders and Engineers. 


Trans. N. E. Coast Imst. of Engineers and 
Shipbuilders, February, 1906. 


The P. & O. Twin-Screw Steamer Mooltan. 
Engineering, 9th March, 1906. 


High-Pressure Turbine of Triple-Screw Steamer 
Viper. Engineering, oth March, 1906. 


Petrol Motor-Driven Launches for West African 
Rivers. Engineering, 9th March, 1906. 


The Forced Lubrication of Small Warship 
Engines. Engineer, 9th March, 1906. 

Overhead Trolley Motor Launch. Engineer, 16th 
February, 1906. 


Turbine Steamer Coal Consumption. Engineer, 
2nd March, 1906. 
Submarine Signalling. 


Technology Quarterly, 
December, 1905. 


The Valve Gear of Marine Engines, IV. Marine 
Engineer, 16th February, 1906. 
Progress made in the Application of the 


“Parsons "’ Turbineto Marine Propulsion. Marine 
Engineer, 16th and 23rd February, 1906. 


Water Supply. 


Notes on Pumping and Description of Concrete 
Service Reservoir at St. Helens Corporation Water- 
works (continued). Public Health Engineer, 24th 
February, 1906. 


Reinforced Concrete Reservoir at Fort Meade. 
Engineering Record, 10th February, 1906. ‘ 


The American System of Filtration at Mansourah, 
Egypt. Engineering Record, 1oth February, 1906. 


The New Waterworks of Port Elizabeth, Cape 
of Good Hope. Engineering Record, 3rd February, 
1906. 

Small Water Supplies and Sources. Association 
Engineers-in-Charge. By Mr. H. C. H. Shenton. 
Public Health Engineer, 17th February, 1906. 


Automatic Apparatus for Preventing Waste of 
Water. Génie Civil, 17th and 24th February, 1906. 


The Water Filtering and Softening Plant at 
Columbus, O. Engineering Record, 24th February, 


1906. 


Sewage. 

The Scientific Disposal of City Sewage. His- 
torical Development and present Status of the 
Problem. Technology Quarterly, December, 1905. 

Combined Septic Tank, Contact Beds, Intermit- 
tent Filters and Garbage Crematory. Engineering 
News, 22nd February, 1906. 


The New Hamburg Main Sewer. Engineer, oth 
March, 1906. 


Streets and Pavements. 
Street Pavements in Chicago. Fournal Western 
Society Engineers, December, 1905. 


The Construction of Pavements in Chicago. 
Engineering Record, 3rd February, 1906. 
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The Prevention of Dust on Roads and Railway 
Tracks by Sprinkling with ‘ Westrumite.” En- 
gineering News, 22nd February, 1906. 


Engineering Economics and Works 
Management. 


The Estimation of Costs. Mechanical World, 
23rd February, 1906. 


The Office System of the Chief Engineer of 
Streets, Chicago. Engineering News, 8th February, 
1906. 

Storekeeping on Simple and Efficient Lines. 
Electrical Engineer, 9th March, 1906. 

Estimating Time on Machine Work. Machinery, 
February, 1906. 


Miscellaneous. 


German Submarine Cable Enterprise. Electrical 
Review, 23rd February, 1906. 

The Application of Calculating Charts to Slide 
Valve Design. Mechanical World, 23rd February, 
1906. 


Electro-Chemical and Electro-Metallurgical Pro- 
gress in 1905. Electrical Review, 23rd February 
and 2nd March, 1906. 

The Birkeland-Eyde Process for Making Nitric 
Acid. Electrical Review, 2nd March, 1906. 

The Continental Fire Service. Engineering, 
23rd February, 1906. 

The Autogenous Welding of Iron and Steel. 
Practical Engineer, 2nd March, 1906. 


The Manipulation of High Speed Steels. 
Machinery, February, 1906. 


Manganese Bronze and its Manufacture. A meri- 
can Machinist, 17th February, 1906. 


The Textile Industry. By W. H. Cook and 
Jos. H. Stubbs. Proc. Manchester Association 
Engineers, 24th February, 1906. 

The Autogenic Welding of Metals. Memoires de 
la Societe des Ingrs. Civil de France, November, 
1905. 

The Liquefaction of Air, and the Industrial Pro- 
duction of Oxygen and Nitrogen. Memoires de la 
Societe des Ingrs. Civil de France, November, 1905. 


Mechanically Cooled Steam Trawlers.— 
News has reached us of yet another success 
achieved by the Pulsometer Circulator System, and 
the owner, who has had the Ben Cruachan 
fitted upon this plan, has much reason to be con- 
gratulated. Each of the many trawlers fitted by 
the Pulsometer Engineering Co., Ltd. (of Read- 
ing), with mechanical refrigeration seems to be 
better than the last, and the boat in question is no 
exception. The Ben Cruachan ran her trial on the 
15th March, and the owner, Mr. Irvin, and all who 
were present, were delighted with the behaviour of 
the cooling. plant, and though the sea was very 
rough the brine and ammonia joints stood perfectly 
without even the touch of a spanner. There is no 
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Rational Method of Graduating Standards for 
Cross-Thread’ Theodolites. Der Mechaniker, 5th 
and 20th February, 1906. 


The Brodhun Street Photometer. Der Mechani- 
ker, 20th February, 1906. 


Some Notes on a Visit to Iron and Steel Works 
in the United States and Canada. Jvon and Steel 
Trades Fournal, 3rd and 1oth March, 1906. 


The Corpuscular Theory of Matter. Engineering, 
gth March, 1906. 


Accleration and Accelerometers. Engineering, 
goth March, 1906. 


The Works of the English McKenna Process 
Company. Engineering, 9th March, 1906. 


Science and the Industries. Electrical Engineer- 
ing, 9th March, 1906. 


A Graphic Method of Harmonic Analysis. En- 
gineering, 16th February, 1906. 


The Carborundum Furnace. Electro-Chemical 
and Metallurgical Industry, February, 1906. 


Suggestions on Specifications for an Engineers’ 
Transit and Level. Engineering Record, 17th 
February, 1906. 

The Capacity of Mica Condensers. Physical 
Review. February, 1906. 


Collision, Direct and Oblique. Engineer, 23rd 
February and gth March, 1906. 


Sedimentation: Its Relation to Drainage. En- 
gineering News, 1st February, 1906. 


Dry Process of Generating Acetylene. Engineer- 
ing, 2nd March, 1906. 


Sorting Plant for Household Refuse at Bethnal 
Green. Engineering, 23d February, 1906. 


The Fixation of Nitrogen. By Sir William 
Ramsay. Times Engineering Supplement, 21st 
February, 1906. 


New Orsat Apparatus for Technical Gas Analysis. 
Zeitsch. des Vereines Deutsch. Ingr., 1oth February, 
1906. 

A New Automatic Coal Drop. Marine Engineer- 
ing, 9th March, 1906. 


The Dessau Vertical Gas Retort. Zeitsch. des 
Vereines Deutsch. Ingr., 10th February, 1906. 


doubt this equipment is as near perfection as pos- 
sible, and the Pulsometer Engineering Co., Ltd., 
who have devoted a great deal of time and money 
to this branch, have been quick to profit by expe- 
rience. We shall probably have more to say of this 
vessel later on, but what we know of other vessels 
whose owners have been farseeing enough to adopt 
the Pulsometer Circulator System, we have no 
hesitation in saying that the condition of fish will 
leave nothing to be desired. 


The British Prometheus Co., Ltd., Kingston- 
on-Thames, have removed their works and head 
office to Salop Street, Highgate, Birmingham. 
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1. P. Morris Company, Philadelphia. Bulletin 
No. 2, dealing with the variation in power and 
efficiency due to changing heads, with the revolu- 
tions constant, as illustrated in the preliminary 


design of a 13,500 h.-p. turbine. 


Crompton G Co., Ltd., Salisbury House, London 
Wall, E.C. List D. 25, continuous current 
dynamos, open type. This catalogue gives parti- 
culars of machines of from 5 to 250 k.w. capa- 
city, which are manufactured in seventeen different 
sizes. Extra and spare parts are dealt with very 
fully. Also list S. 7 of C. B.H. circuit breakers. 
This apparatus is suitable for use on any continuous 
current circuit,-the potential of which does not 
exceed 650 volts. 


Consett Iron Co, Ltd., Consett. Handy booklet 
relating to this firm’s products and manufactures, 
é.g., pig iron, steel chequered plates, shearings and 
sections. 


Alfred Herbert, Ltd., Coventry. List ‘ Sec- 
tion D.,”’ dealing with sensitive drills. The chief 
features of these machines is that the operator can 
feel what the drill is doing, and so give it all the 
feed that it will safely stand. Further, a ball 
thrust collar is fitted to take up the end pressure 
of the spindle, and the weight of spindle, drill, and 
chuck are balanced by a flat coiled spring, the ten- 
sion of which can be regulated. This prevents 
trouble from back lash, and bythe spindle dropping 
when the drill comes through the work. Also 
received, list ES. of Nos. 15, 16, and 17 combination 
turret lathes, and List T of gear cutting machines. 


Allen, Strong & Co., Ltd., 17, Bread Street 
Hill, E.C. Sample set of papers for electrical 
trades, including manilas for insulation, and 
tissues for condensers. 


R. Waygood & Co., Ltd., Falmouth Road, 
Great Dover Street,S.E. Two illustrated lists, one 
of which deals with passenger lifts on ocean liners, 
the other with electric and hydraulic cranes, 
electric and hydraulic motor car lifts, passenger 
lifts, cellar and warehouse lifts, &c. From a small 
pamphlet entitled ‘‘ Facts worth knowing,” accom- 
panying these catalogues, we gather that Messrs. 
Waygood are now erecting electric automatic lifts 
at Buckingham and St. James’ Palaces, also at 
Marlborough House, and in the ss. Victoria and 
Albert. 


Messrs. J. G. White G Co., Ltd., College Hill, 
Cannon Street, inform us that the Canadian White 
Co., Ltd., has secured the contract for the 
building of a section of the Grand Trunk Pacific 
Railroad. This section runs from Touchwood Hills 
to Saskatoon, in the province of Saskatchewan, 
North West Territory, a distance of 140 miles. 
J. G. White & Co.. Inc., of New York, have also 
secured the contract for various lines in the Philip- 
pine Islands, aggregating in the total nearly three 
hundred miles. The contract price in this case 
exceeded £2,000,000. 
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TRADE NOTES. 
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Messrs. R. Hornsby @ Sons, Ltd., Grantham, 
advise us that they have secured the business of 
Messrs. J. E. H. Andrew & Co., Ltd., of Stockport, 
makers of the well-known “ Stockport” gas engines 
and suction gas plants. Messrs. Hornsby have, 
for some considerable time, had under considera- 
tion the manufacture of gas engines and suction 
gas plants, and under the new arrangement the 
‘** Stockport "' gas engines and suction gas plants 
will in future be manufactured and sold by them 
under the trade designation of the ‘‘ Hornsby- 
Stockport" gas engines and ‘‘ Hornsby-Stockport "’ 
suction gas plants. Mr. Albert J. Hobson and 
Mr. Alfred R. Bellamy, who have acted as chair- 
man and managing director respectively of Messrs. 
Andrew, have joined the board of Messrs. Hornsby. 
The headquarters for all business will be at 
Grantham, the London Office being 75a, Queen 
Victoria Street, E.C. 


Messrs. Thermit, Ltd., of 27, St. Martin’s. 
Lane, Cannon Street, E.C., have issued a writ 
against Weldite, Ltd., for an injunction restraining 
the company, its servants and agents, from irfring- 
ing—by means of a substance called ‘ Weldite ’— 
the Thermit patent processes relating to the welding 
of rails, &c. 


The “ Hyatt” Roller Bearing Co., 47, Victoria 
Street, London, S.W., have recently been favoured 
with a very large order for their flexible roller 
bearings to be used on mine tubs which are being 
built by one of the largest makers of this class of 
goods in England. They havealso recently received 
orders for complete plummer blocks for g in. shaft- 
ing as well as for 4 in., 5 in., 54 in., and 6 in. 


Messrs. Mather and Platt, Ltd., Salford Iron 
Works, Manchester, have, after careful investigation, 
elected to manufacture the “‘ Zoelly ’ patent turbine, 
as being one of the most advanced in design, and 
efficient in operation. This type of turbine has 
already been largely adopted on the Continent, 
and is being manufactured by Messrs. Escher 
Wyss & Co., Messrs. Krupp of Essen, the Maschinen- 
fabrik of Augsburg and Niirnberg, the North Ger- 
man Lloyd, and the Siemens-Schuckert Co., and 
Messrs. Schneider of Creuzot. At the present time 
there are at work or under construction turbines of 
the “ Zoelly type aggregating over 72,000 h.-p. 
The advahtages of steam turbines are generally 
recognised by engineers, and it is unnecessary to 
recapitulate them, but we desire to draw attention 
particularly to one special feature in the design of 
the ‘ Zoelly” patent turbine, namely the great 
strength of the blades and the security of their 
attachment to the wheels. Moreover this turbine 
being of the impulse type, in which small clear- 
ances are not essential, all risk of the stripping of 
the bladesis obviated. Full details of the construc- 
tion of the “ Zoelly”’ turbine as well as for more 
recent results of test runs than have hitherto been 
published, are to be found in an interesting pam- 
phlet now being issued by Messrs. Mather and 
Platt. The firm are also manufacturers of specially 
designed multiphase and direct current dynamos 
intended for direct coupling to the above-mentioned 
turbines, and, therefore, are in a position to supply: 
complete plants entirely manufactured by them. 





